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(57)Abstract: 

PURPOSE: To produce various optical elements such as a light emitting -HrM-h- 

element excellent in durability by using a glass composite material i P = 

chemical cross-linked to a glass matrix with the polymer chain such as ^ 

polysilane consisting of a reticular structure of metal oxide. ^ 9* 

CONSTITUTION: This glass composite material is the one chemically "^""e"*~ 1 
cross-linked to a glass matrix having a polymer chain such as the 

copolymer of the polysilane, polygermane and polystannane and a R ' ^ 1 8 

reticular structure of a metal atom-oxygen atom-metal atom linkage, \ / ^ 

and the volume resistivity measured by the flat-disk electrode method /»" 

while setting the voltage/film thickness at 1 06V/cm is controlled to <3 f "j^" ( ^ 

x 106O.cm. The composite material is derived by the CVD process, etc., I R 

from the polymer compds. as precursors shown by formulas I and II (M is CR 

SiGeSn and R1 and R2 are each a 1-15C alkyl, aryl and aralkyl) and jf 

formulas III and IV (M is the same as before, R1 1 to R1 5 are the same , } 

as R1 or H except R14). Especially, the polysilanes of formulas III and IV _ <_ , I 

are cross-linked to one another through oxygen atom, and the M O 0 
linkage is advantageous to form a structure constituting the matrix. c «•>■■ R 1 ' 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **=& shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim 1? A polymer chain chosen from polysilane, the poly germane, the poly stannaries, and these copolymers. 
It has network structure of a metallic oxide which a metal atom comes to combine w.th other metal atoms 
through an oxygen atom. A volume resistivity by which the bridge is chemically constructed over said polymer 
chain by glass matrix which consists of network structure of said metallic oxide, it set voltage / thickness rat.o 
as 106 V/cm, and was measured by circle plate electrode method is 3x106. Glass compos.te material 
characterized by being below omega-cm. 

[Claim 2] A polymer chain chosen from polysilane, the poly germane, the poly stannaries, and these copolymers, 
It has network structure of a metallic oxide which a metal atom comes to combine with other metal atoms 
through an oxygen atom. Glass composite material characterized by being the Plastic solid which the bridge was 
chemically constructed three or more places, and has hardened by glass matrix which said polymer chain 
becomes from network structure of said metallic oxide, and holds coherence to light of the wavelength range of 

300-800nm. , J . l , 

[Claim 3] A polymer chain chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, 
It has network structure of a metallic oxide which a metal atom comes to combine with other metal atoms 
through an oxygen atom. By glass matrix which consists of network structure of said metallic ox.de the bridge 
was chemically constructed over said polymer chain by three or more places, and it has hardened. And glass 
composite material characterized by area of a signal resulting from a silicon crystal, a germanium crystal and a 
tin crystal as which a peak is observed according to an X diffraction which makes Cu bulb X line source by the 
range of 2theta=20~60 degree being 1 % or less of the sum total area of all signals ^ , D+U . . 

[Claim 4] claim 1 characterized by surface hardness by pencil scratch test method being more than 3B thru/or 3 
— either — glass composite material of a publication. 

[Claim 5] To a side chain, a hydroxyl group, an alkoxyl group, an amino group, ammonium, an immo group, A 
carbonyl group a carboxyl group, an amide group, an imide radical, a urethane group, A nitro group, a thiol group, 
a thioether radical, a thioester radical, a carbamate radical. At least one sort of polar groups chosen from a 
group which consists of a sulfonyl group, the sulfoxy radical, a fluoro radical, a chloro radical, a BUROMO rad.cal. 
and an iodine radical were introduced. Polymer chosen from polysilane, the poly germane, the poly stannanes, 
and these copolymers A metallic oxide, a metal alkoxide, a metal hydroxide, metal chelate compound, A polymer 
constituent which comes to contain at least one sort chosen from a group which consists of metal carboxylate, 
a metal halogenide, and metal hydride, and is characterized by claim 1 thru/or being the precursor of glass 
composite material of a publication 3 either. 
[Claim 6] the following general formula (I) ~ or (II) 
[Formula 1] 
OR ' 

— (- M -) — (I) 



at least one sort of atoms with which M is chosen from Si, germanium, and Sn among the above-mentioned 
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formula - R1 And R2 it chooifcrom a hydrogen atom, substitute or anWubstituted alkyl ^ ou P'_ a " ar ^ 
group, and an aralkyl radical - having - congener - even when - different spec.es - ****** R I And R2 
Carbon numbers are 1-15. The polymer constituent characterized by containing at least one sort chosen from 
the group which consists of the polymer which has the repeat.ng un.t expressed a metallic ox.de and I . metal 
alkoxide a metal hydroxide, metal chelate compound, metal carboxylate. a metal halogen.de. and metal hydnda. 
[Claim 7] the following general formula (I) — or (II) - 
[Formula 2] 



— (rM-y- <H) 

at least one sort of atoms with which M is chosen from Si. germanium, and Sn among the above-mentioned 
formu!a __ R1 And R 2 it chooses from a hydrogen atom, substitute or an unsubstituted alkyl group, an aryl 
group and an aralkyl radical - having - congener - even when - different species - ****** - R1 And R2 
Carbon numbers are 1-15. The polymer compound which has the repeating unit expressed and is character.zed 
by claim 1 thru/or being the precursor of the glass composite material of a publ.cat.on 3 e.ther. 
[Claim 8] the following general formula (III) — or (IV) — 
[Formula 3] 

.»»» 

0 — C — R 1 3 CH) 
OR 15 

r ;r» 

/C -H 
0 _C_ R 13 (IV) 

! \ N 

— (r- M R 

at least one sort of atoms with which M is chosen from Si, germanium, and Sn among the above-mentioned 
formu|a __ RU R12 R13 and R15 A hydrogen atom, substitute, or an unsubstituted alkyl group, it chooses from 
an aryl group and an aralkyl radical - having - congener even when - different species are sufficient R14 
is chosen from substitute or an unsubstituted alkyl group, an aryl group, and an aralkyl radical, and the carbon 
numbers of R11-R15 are 1-15. The polymer compound characterized by having the repeat.ng unit expressed. 
[Claim 9] Nitrogen-containing composite material characterized by constructing the bridge chemically by organic 
[ said ] or inorganic matrix through a nitrogen atom which has a polymer chain chosen from polys.lane, the poly 
germane, the poly stannanes, and these copolymers, and organic or an inorganic matrix, and said polymer cha.n 
coupled directly with Si, germanium, or Sn on a polymer principal chain. 

[Claim 10] A polymer chain with which said luminous layer is chosen as inter-electrode [ one pair of ] 1 From 
polysilane, the poly germane, the poly stannanes, and these copolymers in a light em.tt.ng device which has a 
luminous layer, It has network structure of a metallic oxide which a metal atom comes to combine with other 
metal atoms through an oxygen atom. The bridge is chemically constructed by three or more places by glass 
matrix which said polymer chain becomes from network structure of said metallic ox.de. A Jight em.ttmg device 
characterized by making into a subject glass composite material whose M atom with which all of four joint hands 
of M atom (however, at least one sort as which M is chosen from Si. germanium, and Sn) form M-M assoc.at.on 
is less than 10% in M atomic composition ratio. 
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[Claim 1 1] In a light emitting d^e which has a luminous layer and a ^"transportation layer in inter- 
electrode [ one pair of] A polymer chain with which said charge transportation layer is chosen frorn polysilane, 
the poly germane, the poly stannanes, and these copolymers, A light emitting device characterized by making 
into a- subject glass composite material over which three or more places come to construct a bridge chemically 
by glass matrix which it has network structure of a metallic oxide which a metal atom comes to combine with 
other,metal atoms through an oxygen atom, and said polymer chain becomes from network structure of said 

[Slim IC |2] XI A e |ight emitting device according to claim 10 or 1 1 to which said glass composite material is 
characterized by containing 0.1% or more of C atom by atomic composition ratio. 

[Claim 1 3] In an electrophotography photo conductor which has a charge generating layer and a charge 
transportation layer on a conductive base material A polymer chain with which said charge transportation layer 
is chosen from polysilane, the poly germane, the poly stannanes. and these copolymers. An electrophotography 
photo conductor characterized by making into a subject glass composite material over which three or more 
places come to construct a bridge chemically by glass matrix which it has network structure of a metallic ox.de 
which a metal atom comes to combine with other metal atoms through an oxygen atom, and said polymer chain 
becomes from network structure of said metallic oxide. 

["Claim 141 In a nonlinear optical element which has the nonlinear-opt.cal-phenomena generating section and the 
optical guided wave section A polymer chain with which said nonlinear-optical-phenomena generatmg section .s 
chosen from polysilane, the poly germane, the poly stannanes. and these copolymers at least, It has network 
structure of a metallic oxide which a metal atom comes to combine with other metal atoms through an oxygen 
atom The bridge is chemically constructed by three or more places by glass matrix which said polymer chain 
becomes from network structure of said metallic oxide. And a silicon crystal with which a peak is observed 
according to an X diffraction which makes Cu bulb X line source by the range of 2theta-20-60 degree. A 
nonlinear optical element characterized by making into a subject glass composite material whose area of a signal 
resulting from a germanium crystal and a tin crystal is 1% or less of the sum total area of all signals. 
rClaim 1 5] In a laser element which has a laser medium, a resonator which consists of one pair of mirrors by 
which opposite arrangement was carried out through this laser medium, and an excitation means for exc.t.ng sa.d 
laser medium A polymer chain with which said laser medium is chosen from polysilane. the poly germane, the 
poly stannanes and these copolymers, It has network structure of a metallic oxide which a metal atom comes to 
combine with other metal atoms through an oxygen atom. The bridge is chemically constructed by three or more 
places by glass matrix which said polymer chain becomes from network structure of sa.d metallic ox.de. And a 
silicon crystal with which a peak is observed according to an X diffraction which makes Cu bulb X l.ne source by 
the range of 2theta=20-60 degree. A laser element characterized by making into a subject glass composite 
material whose area of a signal resulting from a germanium crystal and a tin crystal is 1% or less of the sum total 
area of all signals. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original preciseiy. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

K 3 of the Invention] This invention relates to devices, such as a light emitting device adapting the precursor 
of the composite material which contains the polymer chain represented by polysilane and discovers vanous 
optical and electrical characteristics, and such a composite material and this composite material, an 
electrophotography photo conductor, a nonlinear optical element, and a laser component. 

rDe 0 s 2 cliption of the Prior Art] polymers, such as polysilane, the poly germane, and the poly stannane, originate in 
stem on^ga ive effect of a principal chain - it has various characteristic optical or electric propert.es. and .s 
bserved as a hotoelectron device ingredient. However, its endurance is weak, in order "that f assoc. a -on such 
as Si4i and germanium-germanium and Sn-Sn of such a polymer principal chain, may tend to denaturalize 
chemi ail an may oxidtee comparatively easily by the exposure of ultraviolet rays. Moreover a mechanical 
strength also has many low things, and in case these polymers are used as a device ingredient, they pose a b,g 

rnnnrTin nrder to improve the lowness of such endurance, the approach of three-dimensions-izing is indicated 
5 e Sliced into polymer side chains, such as polysi.ane, react to J P ,4 -363327, A, and 
makl a b ridge construct. Thus, if it three-dimensions-izes according to bridge formation, while a mechanical 
Strength w I increase, since a polymer principal chain is fixed all over a three-dimensions network, principal 
chain ut* g st ps being able to happen easily and chemical, thermal, or optical endurance improves However, 
ince the roS of such a bridge formation object was not sufficiently h.gh, immob, ization all over 

the ^threeTmensions network of a polymer principal chain was not enough, and the improvement m endurance 

was not a satisfying thing until now. 

mooi n order to raise endurance, such as polysilane, it is effective to raise the cross hnkmg density of a bridge 
oration obTec and to make a dense three-dimensions network form. As matter which forms such a three- 
d mens ion network, glass is known well, for example, and if polymers, such as polysilane, are fixable through 
chemical association all over the three-dimensions network of glass, the large .mprovement .n the endurance of 
a poTvmer is"weited. Under the present circumstances, a polymer dissolves enough into a glass matrix and it 
is imDortant for improvement in such a property not to carry out phase separation 
0005 The example which mixed polysilane and the poly germane in glass is indicated by the former, for 
e x a m p I e J P 1-183 4 2 0 , A . This glass ingredient mixes the polysilane of a non-polanty, and the poly germane s 
fiJe particles in glass sol liquid, or mixes the block copolymer of the polysilane of a non-po anty or the poly 
g man and a polar polysiloxane, and is prepared. However, in order to start phase separation too to a glass 
matrix be in polarity since the polysilane part of a copolymer is a non-polanty even when fine par ic es^ are 
mixed I like the former and a block copolymer is naturally used for phase separation like a lifting and the latter, 
the fixed effect to the inside of a three-dimensions network is weak. 

[0006] Moreover, the copolymer of polymers, such as polysilane, and sil.cc-ac.d glass is indicated by 

USP 51 30397 and JP, 5-1 05766*. however, each of these is mainly combined with a glass matrix only at the 

both ends o a polymer principal chain - **** - since it does not pass and the polymer itself is a non-polanty 

- too - the fixed effect of the polymer to a glass matrix - weak - the improvement in a property - enough 

— — it was not able to say. . . 
[0007] Moreover, it is said that a SHIROKISEN compound has the structure where the bridge was mutually 
constructed ovJ; the silicon chain by siloxane association. However, since this SHIROKISEN compound cannot 
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be dissolved in a solution etc., it cannot be fabricated to a thin film etc^ and cannot be applied to a component. 
Although there is an example fabricated to the tablet by carrying out the pressunzat.on press of the 
SHIROKISEN compound, since such a tablet is only what only pushed powder and essentially hardened ,t. ,t ,s 
not easily [ unevenly and ] practical. 

[Problem^) to be Solved by the Invention] As mentioned above, endurance chemical [ polymers, such as 
po ysTane the poly germane, and the poly stannane, ] and optical was low, and m the ingredient which 
distributed these polymers in glass, since the polymer was un-polar, improvement ,n a hftmg and endurance was 

[0 O 00 e 9] O .Hs iLta S 4rpCerl in su 8 ch S :s polysi.ane, the poly germane, and the poly stannane, have formed the 
dense t ee^ mansions network by high crosslinks density, and endurance is high these polymers can fully 
dfscov the optical and electric property which it essentially has, and the purpose of this mvent.on is to offer 
the composite material which can moreover produce the Plastic solid of a uniform thin film etc. easily Other 
purpose of thi? invention are to offer the precursor which can manufacture easily the compos. te material 
mentioned above The purpose of further others of this invention is to offer devices, such as a light emitting 
device ? which contains as a component the composite material mentioned above, an electrophotography photo 
conductor, a nonlinear optical element, and a laser component. 

Ks for Solving the Problem] The polymer chain with which the glass composite material of this invention is 
chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, It has the network 
structure Jfthe metallic oxide which a metal atom comes to combine with other metal atoms through an 
oxygen atom The bridge is chemically constructed by the glass matrix which said polymer chain becomes from 
h network structure of said metallic oxide.The volume resistivity which set the electrical Potential 
difference /thickness ratio as 106 V/cm, and was measured by the circle plate electrode method U IS C2151) 
is 3x106 It is characterized by being below omega-cm. 

001 1 The polymer chain with which other glass composite material of this invention is chosen from polysilane, 
he poly germane, the poly stannanes, and these copolymers, It has the network structure of the metallic ox.de 

which a metal atom comes to combine with other metal atoms through an oxygen atom. It „ f h arac ^ d pri by hv 
being the Plastic solid which the bridge was chemically constructed three or more places, and has hardened by 
the glass matrix which said polymer chain becomes from the network structure of said metallic ox.de, and holds 
coherence to the light of the wavelength range of 220-1 200nm. 

0012 The polymer chain with which the glass composite material of further others of this mvent.on .s chosen 
from polysilane, the poly germane, the poly stannanes, and these copolymers, It has the network structure of 

he metallic oxide which a metal atom comes to combine with other metal atoms through an oxygen atom. By 
the glass matrix which consists of network structure of said metallic oxide, the bridge was chem.ca ly 
constructed over said polymer chain by three or more places, and it has hardened. And it is characterized by 
the area of the signal resulting from the silicon crystal with which a peak is observed according to the X 
diffraction which makes Cu bulb X line source by 2theta=27-30, 46-49, and the range of 55-58 degrees be.ng 
1% or less of the sum total area of all signals. U ka^\ ,h„..+ 

[0013] It is desirable that the surface hardness according to a pencil scratch test method (J IS K5401) about 
such glass composite material is more than 3B. 

T0014] With the glass composite material of this invention, the bridge is chem.cally constructed by the glass 
matrix which the polymer chain chosen from polysilane, the poly germane, the poly stannanes, and these 
copolymers becomes from the network structure of a metallic oxide on Si of one permutation which constitutes 
this polymer chain, or two permutations, germanium, or Sn atom. Here, Si, germanium, or Sn atom used as the 
point with a glass matrix constructing a bridge is included not only the thing on a princ.pal cha.n but when it is 
for example, on a branched chain. . . 

[0015] The glass composite material of this invention minds the polar group by which the polymer chain chosen 
from (A) polysilane, the poly germane, the poly stannanes, and these copolymers was introduced into the 
polymer side chain. The thing of the structure which constructed the bridge over the glass matrix which 
consists of a metallic oxide, and the chemistry target may be used, and (B) the polymer chain chosen from 
polysilane, the poly germane, the poly stannanes, and these copolymers The thing of the structure where 
association between the silicon atom which constructs a bridge mutually and minds this oxygen atom with the 
oxygen atom coupled directly with the polymer chain, a germanium atom, or a tin atom forms the glass matrix 
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tannane" and ?h?se copolymers. It is characterized by containing at least one sort chosen from the : group 
which consists of a metallic oxide, a metal alkoxide, a metal hydroxide, metal chelate compound, metal 
carboxvlate, a metal halogenide, and metal hydride. 

[0017] oiher polymer constituents of this invention - the following general formula (I) - or (II) - 



[0018] 
[Formula 4] 
OR 1 

I 

— (r M -} — 
OR 2 



(H) 



R ' 

at iP*<t one sort of atoms with which M is chosen from Si, germanium, and Sn among the above-mentioned 
rm - R And R2 "hooses from a hydrogen atom, a permutation or --subs^ 

■ on arnlUw | roHiral — having — congener — even when — different species — ****** R1 And RZ 
Carbon J Ker re - 5 t is aractehzed'by containing at least one sort chosen from the group which 
cons sts nhe Polymer which has the repeating unit expressed, a metallic oxide and a metal alkoxide, a metal 
hvd oxide metal chelate compound, metal carboxylate, a metal halogen.de, and metal hydride^ 
[0019] the precursor of the glass composite material which mentioned the polymer compound of this invention 
above — it is — the following general formula (I) — or (II) — 



[0020] 
[Formula 5] 

OR 1 



(1) 



(- at least one sort of atoms with which M is chosen from Si, germanium, and Sn among the above^nent.oned 
formula R1 and R2 a chosen from a hydrogen atom, a permutation or an unsubstituted alky group, an aryl 
gr up and an aralkyl radical - having - congener - even when - different species are sufficient and the 
farbon numbers of R1 and R2 are 1-15.) -it is characterized by having the repeating unit expressed. In 
a on aT n en Led above, it combines with a metallic oxide, a metal alkoxide a metal hydrox.de, metal 
chelate compound, metal carboxylate. a metal halogenide. or metal hydride, and this polymer compound can also 

[0 e 021] d th a e ;;r«!Sepeatin g unit expressed with the above^entioned genera, formula (I) or (.0 
— the following general formula (III) — or (IV) — 
[0022] 
[Formula 6] 
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OR 15 



C-H 

O — C — R 1 3 <W> 

at least one sort of atoms with which M is chosen from Si, germanium, and Sn among the above-mentioned 
formula — R 1 1 R 1 2, R 1 3, and R 1 5 A hydrogen atom, a permutation, or an unsubstituted alkyl group, it chooses 
from an aryl group and an aralkyl radical - having - congener - even when - different species are 
sufficient R14 is chosen from a permutation or an unsubstituted alkyl group, an aryl group, and an aralkyl 
radical, and the carbon numbers of R11-R15 are 1-15. It is desirable that it is especially what has the repeating 

[0 n 023] X Thrn e itrogen-containing composite material of this invention has the polymer chain chosen from 
Polysilane, the poly germane, the poly stannanes, and these copolymers and organic or an inorganic matrix and 
is characterized by constructing the bridge chemically by organic [ said ] or the inorganic matrix through the 
nitrogen atom which said polymer chain coupled directly with Si, germanium, or Sn on polymer prmcipa J chain. 
[00241 As a nitrogen-containing composite material of this invention, more specifically (C) The polymer chain 
chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, For example it has the 
organic matrix which consists of aniline resin, the poly aniline, polypyrrole, such mixture, or a copolymer. The 
structure over which Si on a polymer principal chain, germanium or Sn atom, and the nitrogen atom in an 
organic matrix formed direct coupling in, and constructed the bridge is sufficient, and (D) The polymer chain 
chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, It has the inorganic matnx 
which contains metal-nitrogen^etallic bond and makes network structure. The structure over which Si on a 
polymer principal chain, germanium or Sn atom, and the nitrogen atom in an inorganic matrix formed direct 
coupling in, and constructed the bridge is sufficient, and (E) The polymer chain chosen from polysilane the poly 
germane the poly stannanes, and these copolymers constructs a bridge mutually chemically through the 
nitrogen 'atom coupled directly with Si, germanium, or Sn atom on a polymer chain. The structure in which the 
inorganic matrix containing M-N-M (M is Si, germanium, or Sn atom) association was formed is sufficient. 
[00251 In the light emitting device to which the light emitting device of this invention has a luminous layer in 
inter-electrode [ one pair of ] The polymer chain with which said luminous layer is chosen from polysilane, the 
noly germane, the poly stannanes, and these copolymers, It has the network structure of the metallic oxide 
which a metal atom comes to combine with other metal atoms through an oxygen atom. The bridge is 
chemically constructed by three or more places by the glass matrix which said polymer chain becomes from the 
network structure of said metallic oxide. M atom with which all of four joint hands of M atom (however, at least 
one sort as which M is chosen from Si, germanium, and Sn) form M-M association is characterized by making 
into a subject glass composite material which is less than 10%in M atomic composition ratio. 
[0026] In the light emitting device to which other light emitting devices of this invention have a luminous layer 
and a charge transportation layer in inter-electrode [ one pair of ] The polymer chain with which said charge 
transportation layer is chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, It 
has the network structure of the metallic oxide which a metal atom comes to combine with other metal atoms 
through an oxygen atom, and is characterized by making into a subject glass composite material over which 
three or more places come to construct a bridge chemically by the glass matrix which said polymer chain 
becomes from the network structure of said metallic oxide. 

[0027] In these light emitting devices, it is desirable that glass composite material is what conta.ns 0.1% or more 
of C atom by the atomic composition ratio. 
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[0028] in the electrophotography photo conductor with wh.ch the el ctrophotography 3 . h ;;°;^ f 
nveniion has a charge generating layer and a charge transportation layer on a conductive base materia I The 
polymer cha n with which said charge transportation layer is chosen from polysilane, the poly germane, the poly 
tannanes and these copolymers, It has the network structure of the metallic ox.de which a metal atom comes 
la Sine with other metal atoms through an oxygen atom, and is characterized by mak.ng into a subject glass 
compete ^ e m ^eMaU;e7 which three or more places come to construct a bridge chemically by the glass matrix 
which said polymer chain becomes from the network structure of said metallic oxide 
$029] In the nonlinear optical element in which the nonlinear optical element of this invention has the 

on inear-optical^henomena generating section and the optical guided wave sec ion The polymer chain w th 
whic sai^nonlinelr^ptical^henomena generating section is chosen from polys.lane, the poly germane, the 
do stannanes and these copolymers at least, It has the network structure of the metallic oxide which a metal 
a torn ome t combine with other metal atoms through an oxygen atom. The bridge is chem.ca y constructed 
by three or more pTaces by the glass matrix which said polymer chain becomes from the network structure of 
ai metal oxide And the silicon crystal with which a peak is observed accord.ng to the X d.f fract.on which 
makes Cu bulb X line source by the range of 2thefa=20-60 degree, Area of the signal resulting from a 
germanium crystal and a tin crystal is characterized by making into a subject glass composite material which is 
]%or less of the sum total area of all signals. . 
0030] in the laser component which has the resonator with which the laser component of this mvent.on 
cons 1st o = one pair of mirrors by which opposite arrangement was carried out through a laser medium and this 
aser medium, and an excitation means for exciting said laser medium The polymer chain with which said laser 
med urn is chosen from polysilane, the poly germane, the poly stannanes, and these copolymers It has the 
network t ucture of the metallic oxide which a metal atom comes to combine with other meta atoms through 
an oxygen atom. The bridge is chemically constructed by three or more places by the glass matrix wh.ch said 
polymer cha n becomes from the network structure of said metallic oxide. And the silicon crystal with wh.ch a 
peak i observed according to the X diffraction which makes Cu bulb X line source by the range of 2theta=20- 
0 de r e Area of the signal resulting from a germanium crystal and a tin crystal is c arac tenzed by makmg 
into a sub ect glass composite material which is 1% or less of the sum total area of all signals [0031] In addition, 
in a charge Asportation layer [ in /although it is desirable to satisfy the peak ratio of a volume resistivity, 
coherence an^ silicon crystal which were mentioned above, a germanium crystal, or a tin crystal in these 
pho oelectron devices, it is not necessary to satisfy these all for example, and /an electrophotography pho o 
conductor ] a v0 |ume resistivity is 3x106. Even if it exceeds omega^m, it does not interfere at all practically. 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail In addition, in the 
foirwini explanation, polysilane, the poly germane, the poly stannanes, and these copolymers may be named 
nolvsilane eenerically for simplification. . 
[0033] A bridge is constructed over the glass composite material of this invention by the glass matrix to wh.ch 
he polymer chain chosen from polysilane, the poly germane, the poly stannanes, and these copolymers has 
association of a metal-oxygen-metal, and makes network structure. As mentioned above this glass composite 
mater a minds the polar group by which the polymer chain chosen from (A) polysilane, the poly germane, the 
poly tannanes and ese copolymers was introduced into the polymer side chain. The thing of the structure 
whic constructed the bridge over the glass matrix which consists of a metallic ox.de. and the chem.stry target 
may be used and (B) the polymer chain chosen from polysilane, the poly germane, the poly stannanes and 
These copolymers The thing of the structure where association between the silicon atom which constructs a 
bridge mutually and minds this oxygen atom with the oxygen atom coupled directly with the polymer chain, a 
germanium atom, or a tin atom forms the glass matrix may be used. 

[0034 First the glass composite material which has the structure of the above (A) is expla.ned.The glass 
composite material which has this structure to a side chain A hydroxy! group, an alkoxyl group, The ammo 
group, ammonium, an imino group, a carbonyl group, a carboxyl group, An am.de group, an im.de radical a 
urethane group, a nitro group, a thiol group, a thioether radical, A th.oester radical, a carbamate radical a 
sulfonyl group he sulfoxy radical, a fluoro radical, The polymer chosen from the polys .lane into wh.ch at least 
one so t of polar groups chosen from the group which consists of a chloro rad.cal, a BUROMO radical, and an 
iodine radical were introduced, the poly germane, the poly stannanes, and these copolymers, It is manufactured 
by a sol-gel method etc. using the precursor constituent containing metallic-ox.de sol morphogenet.c 
substances, such as a metal alkoxide. 
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[0035] As long as the polysilane which is one component of a raw materia! has the polar group mentioned above 
to the side chain, it may be what kind of thing. Therefore, a polymer principal chain may consist of a 
homopolymer of polysilane, the poly germane, or the poly stannane, and may consist of these copolymers. 
Moreover a polymer principal chain may consist of a block copolymer with these polymers, polymers other than 
these* for' example, a polysiloxane, (silicone), a polyamide, polyimide, polyester, etc. Moreover, any of the shape 
of a single dimension chain, branched chain, and a ladder and a three-dimensions chain are sufficient as the 
gestalt of a polymer chain. However, since it is in the condition round which the principal chain of polysilane 
twined by itself and bridge formation may fully be hard to be performed, as for a three^iimensions chain, it is 
desirable that they are gestalten other than a three-dimensions chain. Although not limited especially about 
polymerization degree, either, it is desirable that the chain numbers n of atoms in a principal chain, such as Si, 
germanium and Sn, are 6-100000, and it is more desirable to a pan that it is 10-10000. This reason is that the 
functional manifestation of polysilane original will be barred if n is too small, the solubility over a solvent will fall 
if n is too large conversely, and preparation of glass composite material becomes difficult. 
[0036] Moreover, the annular polysilane which has cyclic structure in principal chain structure as polysilane can 
also be used Relation, such as a bond angle, to the cyclic structure of especially the annular polysilane of five 
membered-rings or six membered-rings itself is stable. When such a stable cyclic structure object is further 
strengthened by bridge formation, the polysilane which has the endurance which is not in the former is obtained. 
Furthermore if a bridge is mutually constructed over the polysilane which has the cyclic structure of such 
shape of a rectangular parallelepiped comparatively like for example, the ring compound of a small membered- 
ring or OKUTASHIR A cubane by the network structure of a metallic oxide, it will become the structure by 
which the zero-order origin-polysilane from which a very detailed energy level differs in a metallic oxide by the 
strain of a ring was distributed. Such the structure forms a quantum thin point (quantum dot), shows various 
unique quantum effectiveness, such as a nonlinear optical effect resulting from this, and is very effective. When 
using the polysilane of the shape of such annular or a rectangular parallelepiped, it is not limited to the range of 
the chain number n mentioned above not necessarily. 

[0037] As a polar group introduced into the side chain of polysilane, the following is more specifically mentioned. 

[0038] 
[Formula 7] 
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(R in the above-mentioned substituent may be chosen from a permutation or an unsubstituted alkyl group, an 
aryl group, an aralkyl radical, and a silyl radical, and may be of the same kind, or different species are sufficient 
as it.) 

Moreover, the following is more specifically as polysilane which has these polar groups mentioned. 

[0039] 

[Formula 8] 
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[0040] 
[Formula 9] 
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[0042] 

[Formula 11] 
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[0043] 

[Formula 12] 



(of 5 ' 

-(- S i -)- 

I 

(CH 2 )3 
CH 3 



http://Www4.ipdl.ncipi.go.jp/cgiH3in/tran_web_cgi_ejje 



2004/12/20 



11/57 



£H Z -C-S-CH 2 CH 3 



-C-S-CH 2 -CH 2 -OH 



- S i 
(CH 2 ) 3 
CH 3 



-f Si -h 
(CH 2 ) 3 



CH 2 -C-S-CH 2 CH 2 -SH 



OCH 3 
3 C-S i -CH 3 
<CH 2 ) 2 

-f- S i 



OCH s 

H 3 CO-S i -OCH3 

CCH 2 )2 
I 

+ Si + 

I 

C H 2 C H 3 



OCHg 
I 

H3CO-S i -OCH3 

(CH 2 ) 2 
I 

+ Si + 
<CH 2 ) 2 
H 3 C-S i -CH 3 
OCH3 



OCH3 
I 

H 3 C — S i -CH 3 

-f Si 4- 
I 

CH 2 CH 3 



[0044] 

[Formula 13] 
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However in order to make more powerful the fixed effect to the glass matrix of a polymer chain, what the 
functional group which contributes to a reaction couples directly with the polymer cha.n ,s des.rable. By 
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especially coupling directly an alkoxyl group, a thioether radical, the ammo group, a carboxyl group a suifo 
KISHIRU radical, a fluoro radical, a chloro radical, a BUROMO radical, an iodine radical, etc. with M atoms, such 
as Si germanium, and Sn, desorption ability will increase and the covalent bond of a metallic^xide matrix and 
polys'ilane will be generated easily. Especially, an acid etc. does not arise as a by-product after a reaction, but 
since* after treatment is easy, an alkoxyl group, a thioether radical, the amino group, etc. are useful. Moreover, 
even when the functional group has combined with the polymer chain through spacers, such as an alkyl group, 
as for a spacer, it is desirable that they are as short a thing as possible and an upright thing. Moreover, although 
especially the rate of installation of the functional group in all polymer side chains is not limited, either, in order 
to acquire sufficient fixed effect, that whose rate of installation of a functional group is 90% or more most 
preferably 50% or more still more preferably 15% or more more preferably 5% or more is good. 
[0045] As a metallic-oxide sol morphogenetic substance which are other components of a raw material, mineral 
salt such as a metallic oxide, a metal alkoxide, a metal hydroxide, metal chelate compound, metal carboxylate, a 
metal halogenide, metal hydride, a nitrate, and a sulfate, etc. is mentioned, and these may be used 
independently, respectively and may be mixed suitably. 

[0046] As a metal alkoxide, alkoxides. such as germanium, Sn, Pb, aluminum, Ga. As Sb B. T. Zr ,V Mb Ta, Na, 
K Li calcium Mg, B a, and Sr, are mentioned. Specifically, the following is mentioned. LiOCH3 NaOCH3 Cu 
O Ca OCH3 2 ,Sr(OC2 H5 )2 ,Ba(OC2 H5 )2 ,Zn(OC2 H5 )2 ,B(OCH3)3 ,AI(i-OC3 H7 )3 ,Ga(OC2 H5 ) 

3 Y(OC4 H9 )3 Si(OC2 H5 )4 ,Ge(OC2 H5 )4 ,Pb(OC4 H9 )4 ,P(OCH3 )3 ,Sb(OC2 H5 )3 ,VO(OC2 H5 >3 .Ta(OC3 
Si )5 ,W(OC2 H5 6 ,La(OC3 H7 3, Nd () [OC2 ]H5 3, Si (OCH3)4, Si () [OC2 ] H5 4, Si -OC three H7)4, S, 
(t-OC four H9)4, Ti (OCH3)4, Ti (OC two H5)4, Ti (i-OC three H7)4, Ti (OC four H9)4, Zr 0 [ OCH3 ] 4, Zr 
(OC2H5)4 Zr 0 [ OC3 ] H7 4, Zr (OC four H9)4, aluminum 0 [ OCH3 ] 3, aluminum (OC two H5)3, aluminum () 
r i-OC3 ] H7 3 aluminum (OC four H9)3, La[aluminum(iso-OC three H7)4] 3, Mg[aluminum (iso-OC three H7)4] 
2 Mg[aluminum(sec-OC four H9)4] 2, nickel 0 [ iso-OC3 ] H74]2, 2 (C3 H7 O) Zr[aluminum(OC three H7)4] 2, 
and Ba[Zr2 9 (OC two H5)] 2 etc. — it is . If needed, it mixes suitably and these are used. In addition, in order 
to make a polymer chain and a glass matrix construct a bridge chemically mutually, it is desirable that the 
alkoxide of the metal atom more than divalent etc. is blended. 

[0047] In addition, the alkoxide which has substituents other than an alkoxyl group, such as an alkyl group and 
an aryl group, may be used. Specifically, the following is mentioned. Diethoxy diethyls ilane, diethoxy 
dimethylsilane, dimethoxy dimethylsilane, A dimethoxy diphenyl silane, ethyltriethoxysilane, methyl 
triethoxysilane, Methyl trimetoxysilane, phenyl triethoxysilane, phenyl trimethoxysilane, Tnbutyltin ethoxide, 
tributyltin methoxide, diphenyl dimethoxys ilane, Diphenyl diisopropoxysilane, a diphenyl diacetoxy silane, A 
triphenyl ethoxy silane, a diphenyl vinyl ethoxy silane, vinyltriethoxysilane, Vinyltrimetoxysilane, gamma- 
methacryloxpropyl trimethoxy silane, They are beta-(3, 4-epoxycyclohexyl) ethyl trimethoxysilane, gamma- 
glycidoxypropyltrimetoxysilane, gamma-mercapto propyltrimethoxysilane, gamma-aminopropyHtf ethoxysilane, 

[0048] Moreover, each compound of the above-mentioned metal is mentioned as a metal hydroxide, a metal 
halogenide and metal hydride, and it may be unsubstituted or you may have substituents, such as an alkyl group 
and an aryi group Moreover, it may be a halogenide like methyl dichlorosilane, for example, and seems to be a 
hydride Specifically, the following is mentioned. A dimethyl dihydroxy silane, a diethyl dihydroxy silane, a 
diphenyl dihydroxy silane, A trimethyl silanol, triethyl silanol, a triphenyl silanol, Tetra-^hlorostlicane, 
methyltrichlorosilane, ethyl trichlorosilane, Phenyl trichlorosilane, dimethyldichlorosilane, diphenyl dichlorosilane, 
Phenylmethyl dichlorosilane, phenyl dichlorosilane, methyl dichlorosilane, Tetra-chloro titanium, TORIKURORO 
aluminum a calcium hydride, A diisobutyl aluminum hydride, a lithium aluminum hydride, Lithium borohydride, 
lithium tri-tert-butoxyaluminohydride, Lithium tree sec-butyl borohydride, manganese (II) borate, Potassium 
borohydride sodium bifluoride, sodium borohydride, Sodium dihydro-screw (2-tnethoxyethoxy) aluminates, 
sodium tetrahydroborate, They are a titanium hydride, tributyltin hydride, zirconium hydride, a silane, 
methylsilane an ethyl silane, an isopropyl silane, phenylsilane, dimethylsilane, diethylsilane, a d.phenyl silane, etc. 
In addition, although the chloride was illustrated as a halogenide, a corresponding bromide, a corresponding 
iodide, etc. are applicable good here. 

[0049] What has 1 such as acetylacetonato of the above-mentioned metal, and a 3-dicarbonyl compound in a 
ligand as metal chelate compound is used, and the following is specifically mentioned They are tris 
(acetylacetonate) aluminum, tris (ethyl aceto ASETATO) aluminum, tris (salicyl ARUDEHIDATO) aluminum, 
indium acetylacetonate, zinc acetylacetonate, copper acetylacetonate, platinum acetylacetonate, etc. 
[0050] Acetate etc is used as metal carboxylate and the following is specifically mentioned. They are barium 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2004/1 2/20 



13/57 



acetate copper acetate (II), an acetic-acid lithium, magnesium acetate, lead acetate, barium oxalate, a calcium 
oxalate.'oxalic acid copper (II), oxalic acid magnesium, a tin oxalate (II), an oxalic acid yttrium, a stearyl acid 

[005U As metal mineral salt, a nitrate, an oxysalt ghost, etc. are used and the following is specifically 
mentioned They are a nitric-acid yttrium, nickel nitrate, zirconium oxychloride, oxysalt-ized aluminum, etc. 
[0052] Moreover, in addition to a metal alkoxide etc., organic polymers, such as an epoxy resin, polyimide, 
melamine resin, a polyvinyl pyrrolidone, and Nylon, etc. may be added as a glass matrix formation ingredient as 
oxide salt- film formation adjuvants, such as way acid chloride of way sand etc., and phosphate, etc. A silicon 
oxide can 'also be formed by furthermore using the polysilazane like perhydro polysilazane by this invention. 
[0053] Although especially the loadings of the polysilane in the above-mentioned constituent are not limited, 
generally it is set up to about 0.1 -80% by the weight composition ratio. This reason is that the endurance of 
the polysilane to contain falls since a function peculiar to polysilane becomes is hard to be discovered, the fixed 
effect of sufficient polymer will not be acquired since there are few glass matrix parts if there are too many 
loadings of polysilane conversely and the gas shield effectiveness over oxygen gas etc. becomes low when 
there were too few loadings of polysilane and it sees as the whole glass composite material. The loadings of 
more desirable polysilane are 5 - 70%, and further 30 - 60% However, since a glass matrix is formed because 
this precursor polymer itself constructs a bridge through an oxygen atom when the polymer which has the 
repeat unit expressed with the above-mentioned general formula (I) or (II) here is used, it may not be set up 
within limits which the loadings of polysilane mentioned above. 

[0054] The glass composite material of the structure of (A) concerning this invention is mainly manufactured by 
the sol-gel method. Usually, the solution made to dissolve polysilane and a metal alkoxide in solvents, such as 
alcohol and water-alcoholic mixed liquor, first is prepared, a metal alkoxide is hydrolyzed according to heating or 
an operation of a catalyst, and sol liquid is formed. After applying this sol liquid to substrates, such as a glass 
plate, or carrying out casting, gelation desiccation is carried out and a desired glass composite material is 
obtained In addition, after preparing sol liquid from the solution of a metal alkoxide, polysilane may be added and 
you may gel still like the above. Moreover, the thin film of polysilane is formed on substrates, such as a glass 
plate, and after being immersed in the sol liquid which hydrolyzed the metal alkoxide and prepared this, you may 
make it harden by processing of stoving etc. Furthermore, after only mixing polysilane, a metal alkoxide, etc. and 
fabricating this, you may gel by processing of heating etc. 

[0055] The organic-acid; photo-oxide generating agent represented by carboxylic acids, such as inorganic acids, 
such as alkali; hydrochloric acids [, such as an amine; sodium hydroxide, ], such as aqueous ammonia, 
alkylamine, and ethanolamine, a nitric acid, and a phosphoric acid, and an acetic acid, oxalic acid, as the above- 
mentioned catalyst; a heat acid generator is mentioned. Moreover, chlorides other than these amines, alkali, and 
an acid, such as organometallic compound; aluminum chlorides, such as metal chelate compound; tetrabuthyl 
titanate such as perchloric acid metal salt; aluminum acetylacetonate, such as carboxylic-acid metal salt; 
ammonium perchlorates, such as acid anhydrides, such as trimellitic anhydride, sodium acetate, and octylic acid 
zinc and magnesium perchlorate, and zirconium acetylacetonate, and a dibutyl tin J IR AU rate, an iron(ll) 
chloride and a zinc chloride (It), may be used. In addition, alkoxides, such as aluminum, titanium, a zirconium, 
and boron, work as a glass matrix formation ingredient at this time, and also it has the operation as a catalyst, 
and is very useful. Moreover, as a solvent, organic solvents other than water and alcohol, such as a formamide, 
dimethylformamide, dimethoxyethane, methyl cellosolve, ethylcellosolve, a tetrahydrofuran, dioxane, N diethyl 
pyrrolidone, an acetone, a methyl ethyl ketone, methyl isobutyl ketone, and triethanolamine, may be used. 
[0056] Moreover, also when metal hydroxides other than the metal alkoxide mentioned already, metal chelate 
compound, metal carboxylate, a metal halogenide, metal mineral salt, metal hydride, etc. are used, equivalent 
[ to a metal alkoxide ] or a metallic-oxide matrix can be too formed with solution methods, thermal 
decomposition methods, etc., such as a similar sol-gel method. Moreover, silicone resin like Pori (J ITASHARI 
butoxy siloxane) may be used as a metal alkoxide. The glass composite material of this invention can be 
manufactured by mainly heating the mixture of the polysilazane like perhydro polysilazane, and polysilane other 
than a sol-gel method using the still more above metal alkoxides etc. in air, after adding additives, such as 
remaining as it is or a catalyst. 

[0057] In the glass composite material of the structure of (A) concerning this invention The polar group 
introduced into the side chain of polysilane combines with the glass matrix which consists of a metallic oxide 
chemically by covalent bond, ionic bond, coordinate bond, hydrogen bond, a hydrophobic interaction, etc. Since 
the polymer chain of polysilane is fixed and oxidation etc. stops being able to happen further easily due to the 
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gas barrier effectiveness of a glass matrix, While decomposition and thermal deterioration of a polymer -chain 
are controlled and thermal resistance and lightfastness improve greatly compared with a polymer independent 

case, the mechanical strength also increases. 

[0058] Next, the glass composite material which has the structure of the above (B) is compounded from the 
r so Polymer which radicals for which a bridge can be constructed, such as sulfonate radicals such as 
ester groups, such as a hydroxy! group, an alkoxyl group, and an acetoxy radical, and a trifluoromethane 
SURUHOSHIKI radical, coupled directly with the principal chain of polysilane as a side chain. 
[0059] as what has a hydroxy! group or an alkoxyl group — the following general formula (I) — or (II) — . 
[0060] 

[Formula 14] 



or 1 

I 



(II) 



(Among the above-mentioned formula, at least one sort of atoms with which M is chosen from Si germanium, 
and Sn R1 and R2 may be chosen from a hydrogen atom, a permutation or an unsubstituted a Iky I group, an aryl 
Sroup and an aralkyl radical, and may be of the same kind, or different spec.es are sufficient as them.) In 
addition R1 And R2 Carbon numbers are 1-15.lt is manufactured using the precursor polymer which has the 
Seating unit expressed by carrying out deliquoring condensation of the hydroxy, group or alkoxyl groups of a 
side chain The homopolymer or copolymer of the organosilane, the ORG ANO germane, or the ORGANO 
tannane expressed with a general formula (I) or (II) has the hydroxyl group which the oxygen atom coupled 
directly with the silicon atom, the germanium atom, or the tin atom, a permutation, or an unsubstituted alkoxy 
group and a quantity ratio with a silicon atom, a germanium atom or a tin atom, a hydroxyl group or an alkoxyl 
group has the repeating unit which is 1:1 by 1 2 and the general formula (II) at a general formula (I). Specifically, 



the following is mentioned 
[0061] 

[Formula 15] 
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[0062] 

[Formula 16] 
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The precursor polymer which has the repeating unit expressed with a general formula (I) or (II) can be 
manufactured, for example by the following approaches. In addition, the manufacture approach of j a ^po ys.lane 
precursor polymer is explained as a representative of a precursor polymer here, (a) For example, the following 
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eeneral formula (S1) or (S2) the dichlorosilane expressed can be made to be able to react in solvents, such as a 
meta Sodium metallurgy group lithium, etc. toluene, and the ether, and it can compound by carrying out 
S S S condensation of the dichlorosilane. (b) moreover, K - after making acids such as tnf luoro 
meThansulfonic acid, act on Pori (diaryl silane) expressed with following general formula (PS1)- PS5) .n 
solvers such as a methylene chloride, as reported to Matyjazewski et al., J .Organomet.Chem and 340, 1988 
a 7 is a so compoundable by making the alcohol which has a desired substituent part reac Moreov , er the 
polys lane which has an ester group is compoundable by acting a carboxylic acid and carboxylate instead of 



alcohol in this case. 
[0063] 

[Formula 17] 

or' ° r1 
i i 

CJ-Si-Ci! C t - S i - ' 

OR 2 O r2 

(SI) . (S2) 



(PS5) 



Moreover, besides the above-mentioned approach, the polysilane which has an alkoxyl group -in a Q S.de : chain (c) 
- KMaty azewski, Macromol.Chem., Macromol.Symp., and 42/43,269- as reported to 280 and 1991 The 
approach of carrying out ring opening polymerization of the four membered ring of Si germanium, or Sn 
permuted by the alkoxyl group etc., (d) As reported to the approach of carrying out electrolytic polymeria .on 
using the halogenide of the above-mentioned metal M atom permuted by the alkoxyl group (e) Kabeta et al., 
Chem Lett and 835 and 1994 How to carry out the polymerization of the alkoxy ghost of Metal M by 
disproportionate using catalysts, such as a base, (f) As reported to Yu-Ling Hsiao et al., J Am.Chem.Soc., 
1994 and 116 and 9779-9780 It is also compoundable by the approach of making a carbonyl compound like an 
aldehyde or a' ketone reacting to the resin which has M-H association of Pori (phenyl hydronalium silylene) etc. 
under an operation of azobisuisobutironitoriru (azo bis is o butyro nitnl) etc. 

[0064] In addition, if that from which the hydroxyl group (-OH) and/or the alkoxyl group (-OR) were introduced 
into some side chains also among the polysilane which is the raw material of the glass composite material which 
has the structure of the above (A) after the oxygen atom had coupled directly at the polymer chain is used, the 
glass composite material which has the structure of the above (B) like what is expressed with a general formula 
(I) or (II) can be manufactured. 



[0065 It may become the side chain mentioned above from a block copolymer w.th the polymer of the above 
a principal chain ], polymers other than these, for example, a polysiloxane (silicone , a polyam.de, Poly.mide 
oolye ter etc also about the polysilane expressed with a general formula (I) or (II) l.ke the polysilane which has 

poiyenei, eii.. aiau auw v j ,,1 ,iininnin 0 H c nr h a c a n nil ar \. S lie h as the S h i 



apolar group Moreover, any of the shape of a rectangular parallelepiped, such as annular [, such as the shape 
of a single dimension chain, branched chain and a ladder, a 2-dimensional sheet-like cha.n, a three^.mensions 
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chain or five membered-rings, and six membered-rings, ] or OKUTASHiR A cubane, are suf .c.ent also a the 
g esTal t o a polymer chain. Although not limited especially about polymerization degree either it is es. a e 
that the chain numbers n of atoms in a principal chain, such as Si, germanium, and Sn, are 6-100000 too, and n 
is 20-5000 more preferably at 10-10000, and a pan. 

00661 A bridge is constructed over the polysilane expressed with a general formula (I) or (II) by the 

a tinn faction of the hvdroxyl group of a polymer side chain, and an alkoxyl group between molecules or 
^tZTlcZT* since it S^mTe glass component which consists of a metallic oxide which has 

s w h a I c a o g ermanium atom or a tin atom, and an oxygen atom, glass matrix formation 

noTn ^ic h as a metal alkoxide, do not need to be used for it like [ in the case of manufacturing the glass 
ompo t mate rl I of the ruc^ure if above (A) ]. That is, the glass composite material of the structure of (B) 

=hS^ 

ment IT case'The Composite materia, of the structure of (B) which starts this invention more at 
fitne is compoundable as polysilane of a precursor by using the polysilane shown especially by the above- 
mS OH) or (IV) also among what is shown by the above-mentioned general formula (I) or 

fll) This refso is explained below. That is, especially the thing that has alkoxyl groups, such as a methoxy 
! oup and a etho^ad teal, can have the comparatively high reactivity of hydrolysis in many cases, and can 
make cros'l n ng faction tart from the reasons nil why steric hindrance is small etc., easily among : the 
ootsilane which has the repeat unit expressed with a general formula (I) or (II). On the other hand, these 
So Is lane Tinfero to storage stability, and handling is difficult for them. On the other hand since the part of 
a a koxyl lout has tertiarybutyl, isopropyls, or such derivative structures and it is roughly hard to hydro yze 
e hi ndr an e, the polysilane shown by the general formula (III) or (IV) is very exce lent ,n storage stability. 
Anc shortly after making an acid catalyst etc. act on these polysilane, association between oxygen^arbon 
cleaves ^easily e re due of tertiarybutyl, isopropyls, or these derivatives ****s, a hydroxy, group generates, 
a n Ihis hydroxy, g oup carries out dehydration condensation with other hydroxyl groups and v. r.f.es. For this 

eason whi e excelling in storage stability, once it activates, these polysilane has the work as a latency 
nrerur or polymer of vitrifying easily, and they are very useful. These polysilane is compoundable by the 
approach meZne* 2*1 The example of polysilane shown by the general formula (III) or (IV) is shown below. 

[0068] 

[Formula 18] 
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H 3 C-C-CHi 



HjC-C-CH) H 8 C-C-CHs HjC-C-CHs 



CHjCHs (CH{)j 
I 

CHs 



, CH S CH 3 

I I 
:H 3 HsC-C-CHi H ) C-C-CH ) 



(CH 2 )4 HiC-Si-CHj 
OH C H 3 



H i C - C H z 

\/ 
C H 

H 3 C — C — C H 3 



H 3 C-C-CHa H 3 C- 



[0069] 

[Formula 19] 
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C H 
/ \ 
H 2 C - CH 2 



C H 3 
Ha C — C - C H 3 



CHj 

I 

Hi C-C-CHj 



H 3 C-C-CHj 



H 3 C-C-CHj 
CH 3 



C H 3 
H 3 C - C - C H 3 



H 3 C-C-CHa 



H 3 C-C-CH3 



H 3 C - C - C H 3 
I 

C H 3 



[0070] 

[Formula 20] 

H 3 C CH, 



H 3 C CH S H S C CH, 



CH z 
C H 3 



H 3 C CH, H 3 C CH, 



C H 

H,C CHj 



/ \ 
H 3 C CH, 
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In the. glass composite material of the structure of (B) concerning this invention, since the principal chain of 
olysilate has ^combined with high density as a spacer the oxygen atom which constitutes a Blass component 
irec ly and extremely, improvement in big endurance is expected. Moreover since this glass composite 
mateflal can be manufactured only using a precursor polymer, a moldability becomes [ the content of the 
Drinc pa chain of polysilane ] high advantageously also in respect of a funct.onal man.festat on good 
[00 ^ fpurth rmore, a CVD method may be used in order to manufacture the glass composite material wh ch 
has the structure of (B). That is, substrates, such as silicon and quartz glass, are installed in a CVD furnace, 
i an system gat s diluted and supplied, and the polysilane film is formed on a substrate 
decompose During formation or after forming, a hydroxyl group permutes [ the polysilane film ] the active 
hv5 oTn in a s nk and the polysilane film for oxygen content gas. This polys.lane film can be heated and the 
glass composite material which has the structure of (B) can be compounded by making the polymer chains of 

«^ tetra.h,orosi,icane, a disilane, trishiran, tetra- 

ilane and these mixed gas are mentioned as silane system gas. Hydrogen, an argon, helium, nitrogen, etc. are 
men ned a s ga whfch dilutes silane system gas. As oxygen content gas, H2 0 containing oxygen inert gas 
hvdrogen gas (nitrogen, an argon, helium, etc.), air, or these mixed gas is mentioned. As for the content of the 

xygen in oxy ga cent ant gas it is desirable that it is 30%or less. Moreover, the heating temperature at the 
time of bridge formation is more than temperature with them, for example 60 degrees C and is set be ow to the 
?emp£ature which the polymer chain of polysilane does not decompose, [ able for two hydroxyl groups 
introduced into polysilane to start dehydration, and to form Si-Q-Si association J 

[0073 Thu th process whioh compounds g.ass composite material (oxygen bridge formation polys, ane) with a 
CVD method incorporate into a semiconductor manufacture process. Therefore, he optical device and 
semiconductor device using the luminescence function of oxygen bridge formation polysilane can be 

Sate and an optoelectronic integrated circuit can be formed. Moreover, if a CVD method is used, as 
compa d wi the case of liquid phase composition, it is advantageous to the cost reduction by mass 
□ reduction method, and the problem of mixing of an impurity is excellent also in few points 

4 The effectiveness of glass composite materia, of having the structure of (A) and (B concar ning this 
invention explained above is explained collectively. Since the bridge formation part of a polymer cham is 
trongly held by the g.ass matrix of the perimeter at the g.ass composite materia, of th.. invention ever jrf some 
nolvmer chains are cut by energy, such as light, joining together again ,s possible. Thus, s.nce the fixed effect of 
thtpolUer chat of po.ysi.ane II heightened, photodegradable one-proof, heat-resistant resol^bihty, and 
chemicahSroof resolvability are high. Moreover, when the principal chains of polys.lane form M-O-M association 
a dTeyTre constructing the bridge especially, conjugate [ of the princ.pal chain of polys.lane ] spreads on the 
whole b?idg formation object by mediation of an oxygen atom. For this reason, earner mob. Jy improves 
electrically electrical conductivity becomes good, the reinforcement of photoluminescence (PL) and 

luminesce c (EL) is optically high, and the effectiveness of luminescence wavelength shifting according 
to the chain number and the degree of cross linking of Si, germanium, and Sn in a polymer pnnc.pa chain is also 
acquire Moreover in the glass composite material of this invention, even when the content of po ys.tane ,s 
high since the fixed effect of the polymer chain of polysilane is high, it becomes advantageous to the 
manifestation 0 the above electric /optical properties. In the polysilane-glass composite materia which made 
Te lystne known conventionally compounding and Hze in silicic-acid glass on the other hand, very 
and s hce bridge formation of a polysilane principal chain is not enough, either, the rate of the s.l.c.c-ac d glass 
matr i which i a insulator cannot acquire effectiveness like the glass composite mater.al of this mvent.on. 
Eo75]to . ha glass composite material of this invention, in order to acquire the above-mentioned effectiveness, 
it is desirable that the bridge is chemically constructed by three or more places by the glass matnx which a 

ner 
a 

; and 
; held, 
o.ve 

Hpprpp nf cross linking can cnoose ironi me kunumun wmv... « »^ b .~~ ~. - - - - 

„ I nt ow e, he large range according to an application to the condition that ,t "as very high 
mechanical length sufficient by the high degree of hardness, and can use as a Piastre solid. And ,t ,s also 
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possible to use such a bridge formation object as the Plastic solid which was insoluble and excellent the 

iv " by solvent-proof nature by raising a degree of cross linking further after shaping. In addition ; the 
number of the point on such a polymer chain constructing a bridge may be eas,ly analyzed by computing the 
conversion of the functional group in a precursor polymer. , n ,, ...... 

rOOTS] Next the physical properties which the glass composite material concerning this invention should fulfill 

and electrical characteristics which were excellent with slight 
explained, taking the application to various components into consideration, comparing with the SHIROKISEN 
inprpriipnt known especially conventionally. 

0077 Although [ the chain of silicon ] it has the structure where the bridge was constructed with the oxygen 
atom since it is insoluble to a solvent, the SHIROKISEN compound known conventionally has the example 
which carded out pressing of the powder and fabricated it on the pellet. Such a pellet is only that ,n which 
powder essentially solidified, and many grain boundaries exist. Thus, existence of many gram boundaries 
reduces electrical conductivity remarkably. Moreover, since the gram boundary of the magn itude w ich cannot 
disregard the pellet of a SHIROKISEN compound optically exists, the light which passes through the ms.de of 
th s ingredient tends to be scattered about, and cannot hold coherence to the light of specific wavelength 
Moreover in the polymer chain and silicon microcrystal of polysilane with which the bridge was constructed 
over the SHIROKISEN compound including the silicon microcrystal, since each excitation energy differs the 
energy level by the silicon microcrystal is formed. Consequently, since a silicon microcrystal forms the level 
non-emitted light or emits light in the fluorescence in which wavelength differs from desired wavelength when a 
ShVoKISEN compound is used as a PL ingredient like a laser medium, it becomes the cause of reduc.ng PL 
effectiveness. When it uses as an EL ingredient, in order similarly for a silicon microcrystal to form the level 
non^mitted light, or to carry out the trap of the carrier and to reduce a carrier s transportation efficiency, it 
becomes the cause of reducing EL effectiveness. Furthermore, crystalline high Si atom with which all of four 
joint hands form Si-Si association becomes the cause of reducing EL effectiveness in order to act as a non- 
emission center over a hole and electron pair luminescence. Moreover, when using as a non-linear optica 
material, there is an inclination for a silicon microcrystal to absorb excitation light and for light wave length 

foTsToTtrJ'o^he^hlnd^in the glass composite material of this invention, although it becomes the factor 
which checks the manifestation of electric /optical properties, such as a silicon microcrystal contained in a 
SHIROKISEN compound, for example, it excels in the point that a thing hardly exists Hereafter, each physical 
properties such as content of M atom relevant to such an inhibition factor with which all of the content of a 
volume resistivity, coherence, a silicon microcrystal, a germanium microcrystal, and a tin microcrystal or four 
joint hands form M-M association, are further explained to a detail. 

[0079] (Volume resistivity) Conjugate [ of the polymer chain of polysilane ] has spread and also the glass 
composite material of this invention is uniform, and since a grain boundary hardly exists it has high electrical 
conductivity This is J IS. The volume resistivity measured according to the circle plate electrode method of 
C2151 publication is shown by the low thing. As for the thickness of the sample with which measurement of a 
circle plate electrode method is presented.it is desirable to be referred to as 0.02-0 1 micrometers and further 
0 05-0 1 micrometers. Moreover, an electrical potential difference /thickness ratio, i.e., field strength, is most 
preferably set as 106 V/cm as more than 10V more than 5V still more preferably more than 2V preferably 
[ applied voltage / more than 1 V ] according to the thickness of a sample. The magnitude of an electrode .s JIS 
fundamentally. Although the publication of C2151 is followed, some magnitude of an electrode may be changed 
according to the configuration of a test piece, and magnitude. About the quality of the material of an electrode 
ITO etc is used as a positive electrode and gold, copper, aluminum, etc. are used as a negative electrode. That 
is it is desirable that a negative electrode uses combination with a work function smaller than a positive 
electrode and the combination of aluminum is the most desirable as ITO and a negative electrode as a positive 
electrode The glass composite material of this invention is 3x106 by measurement on these conditions It has a 
volume resistivity below omega-cm. A volume resistivity is 1 .5x106. Below omega-™ and further 8x105 Below 
mega-^ an J further 6x105 Below omega^m and further 4x105 It is desirable that it ,s below omega-cm. 
[0080] (Coherence) There are no particle and grain boundary which have the particle size more than the 
wavelength of the light leading to dispersion, and since it is optically uniform, the ms.de of the glass composite 
Serial of this invention holds coherence to the light of the wavelength range of 300-B00nm. Wher . optical 
properties such as absorption of polysilane and luminescence, are taken into consideration as for the 
wavelength range holding coherence, it is desirable that they are 280-900nm and further 220-1200nm. This 
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condition becomes important over application at large [ optical ]. 

0081] Maintenance of coherence is attained by being 20%or less at the rate of haze. This va ue is ; wanted to 
be 3%or less still more preferably 5%or less more preferably 10%or less. When a sample is a thin film and the 
rate of haze uses a Plastic solid as a component like the outgoing radiation light for example, in EL 
luminescence the value when carrying out incidence of the light at right angles to the front face, and in the 
case of the other Plastic solid, it is estimated by the value when carrying out incidence of the beam of light 
parallel to the optical axis which carries out incidence to outgoing radiation or a Plastic solid from a Plastic 

[0082] (Content of a silicon microcrystal etc.) As mentioned above, since a SHIROKISEN compound contains a 
silicon microcrystal, the signal which originates in a silicon microcrystal 2theta=28.4 and near 47.3 or 56.1 
degree according to the X diffraction which makes Cu bulb X line source is observed. Moreover, as a germanium 
crystal or a tin crystal, although it changes also with the crystal form, a signal is observed by the X diffraction 
which makes Cu bulb X line source 2theta=S7.3, 45.3 or 53.7 degrees and 2theta=23.7, and for example near 
34 2 or 46 4 degree, respectively. On the other hand, the area of the signal resulting from the silicon crystal, 
germanium crystal, and tin crystal as which a peak is observed by the range of 2theta=20-60 degree according 
to the X diffraction which the glass composite material of this invention hardly contains a s.l.con microcrystal a 
germanium crystal, and a tin crystal, but makes Cu bulb X line source is 1%or less of the sum total area of all 
signals For example, in the glass composite material over which make polysilane and a glass matrix come to 
construct a bridge chemically mutually, the area of the signal resulting from the silicon microcrystal with which 
a peak is observed in an X diffraction by 2theta=27-30, 46^9, and the range of 55-58 degrees turns into U or 
less of the sum total area of all signals. As for the area of the signal resulting from a silicon microcrystal, a 
germanium microcrystal, and a tin microcrystal, it is desirable that they are 0.1% or less of the area of all signals 
and 0 01 more%or less. However, let area of all signals here be the sum total area of all the signals in all the 
range'in which 2theta exceeds 0 degree instead of the sum total area of the signal in the range of 2theta=20-6O 
degree In the application to a nonlinear optical element, a laser component, etc., this condition becomes 
important especially, when raising light wave length conversion efficiency, PL effectiveness, etc. 
[0083] after stopping the content of a silicon microcrystal, a germanium microcrystal, and a tin microcrystal in 
the glass composite material of this invention, it is still more desirable that the content of crystalline high M 
atom with which all of four joint hands form MHVI association is set up to less than 10% by the atomic 
composition ratio. The quantum of such an M atom can be carried out by measurement of XPS, Solid^tate 
NMR, etc. This condition becomes important when raising EL effectiveness especially in the application to an 

[O^siTM^reover, when applying the glass composite material of this invention to various components is taken 
into consideration, it is necessary to include in a hardened material pan as a Plastic solid of predetermined 
configurations, such as a thin film, at a component. For this reason, it has sufficient degree of hardness, and in 
case membranes are formed, it is desirable to have practical solvent fusibility. In relation to these properties, 
surface hardness and C atom content are explained. 

[0085] (Surface hardness) When using the glass composite material of this invention as a hardened material, as 
for the surface hardness.it is desirable that it is more than 3B by the pencil scratch test method (J IS K5401). 
surface hardness — more than B — further — more than 1H — further — more than 2H — further — more 
tnan 4H _ furth er — it is desirable that it is more than 6H. In order to fulfill these conditions, it is required that 
the bridge should be constructed by 20% or more of part of the functional group in a polymer side chain for 
which a bridge can be constructed. As for a bridge formation part, it is desirable that they are 30% or more of 
the functional group which can construct a bridge, 50 more% or more. 80 more% or more, and 90 more% or more. 
In this invention, the conversion of the functional group in a polymer side chain can be raised in this way, and 
the glass composite material which excelled [ increase /c ros s linking density ] especially in endurance can be 

[OOmt addition, the conversion of such a functional group can carry out a quantum by secondary ion mass 
spectrometry NMR IR, XPS, etc. Furthermore, in the case of crosslinking reaction, since it originates in the 
desorption of water or alcohol and reduction in weight arises, the conversion of a functional group may be 
computed by thermogravimetric analysis (TG) etc. 

[0087] (C atom content) As for the glass composite material of this invention, it is desirable to contain O.Uor 
more of C atom by the atomic composition ratio from a viewpoint which raises the membrane formation nature 
and flexibility of a Plastic solid. Since it will be easy to dissolve in a solvent so that C atom content is high if 
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only membrane formation nature is taken into consideration, as for the content of C atom, it is more desirable 
that they are 1 % or more and 10 more%or more. .. 
[0088] Next, the nitrogen^ontaining composite material of this invention is explained. The nitrogen-containing 
composite material of this invention has the polymer chain chosen from polysilane, the poly germane, the poly 
stannanes and these copolymers, and inorganic or an organic matrix, and the bridge is mutually constructed 
over it chemically through the nitrogen atom which a polymer chain, inorganic, or an organic matrix coupled 
directly with Si, germanium, or Sn atom on a polymer principal chain. 

[0089] More specifically the nitrogen-containing composite material of this invention (C) The polymer chain 
chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, For example, it has 
organic matrices, such as aniline resin, the poly aniline, polypyrrole, such mixture, or a copolymer. The structure 
over which Si on a polymer principal chain, germanium or Sn atom, and the nitrogen atom in an organic matrix 
formed direct coupling in, and constructed the bridge is sufficient, and (D) The polymer chain chosen from 
polysilane the poly germane, the poly stannanes, and these copolymers, It has the inorganic matrix which 
contains metal-nitrogen-metallic bond and makes network structure. The structure over which Si on a polymer 
principal chain, germanium or Sn atom, and the nitrogen atom in an inorganic matrix formed direct coupling in, 
and constructed the bridge is sufficient, and (E) the polymer chain chosen from polysilane, the poly germane, 
the poly stannanes, and these copolymers The structure in which the inorganic matrix was formed is sufficient 
as association between the silicon atom which constructs a bridge mutually and minds this nitrogen atom with 
the nitrogen atom coupled directly with Si, germanium, or Sn atom on a polymer chain, a germanium atom, or a 

[0090] The nitrogen-containing composite material which has the structure of the above (C) is explained. The 
polysilane used for the nitrogen-containing composite material which has this structure is likes like the 
polysilane explained in relation to the glass composite material which has the structure of (B) mentioned above. 
That is the polymer chosen from the polysilane by which the polar group which causes elimination reactions, 
such as a hydroxyl group, an alkoxyl group, and an amino group, was introduced into the side chain, the poly 
germane, the poly stannanes, and these copolymers is used. 

[0091] In addition, the polysilane into which the amino group was introduced is compoundable by making 
ammonia and an amine react, after making acids, such as a hydrochloric acid and trifluoro methansulfonic acid, 
act on the polysilane permuted for example, by the aromatic series radical in solvents, such as a methylene 
chloride Yoshida et al. [ moreover, ] (Yoshida, Sakamoto, Sakurai; it is also compoundable by the approach of 
going via mask DOJISHIREN of the collection three F332 (1993) of the 65th spring annual convention drafts of 
the Chemical Society of Japan.) . . 

[0092] It is the same with having mentioned above also about the chemical structure of the principal chain of a 
polymer a gestalt, etc. Moreover, although not limited especially about polymerization degree, either, it is 
desirable that the chain numbers n of atoms in a principal chain, such as Si, germanium, and Sn, are 4-100000, 
and n is 30-1000 more preferably at 10-10000, and a pan. In this case, if n is too large, not only the solubility 
over a solvent falls, but compatibility with the poly aniline, polypyrrole, etc. will worsen and preparation of a 
bridge formation object will become difficult. 

[0093] As the aniline resin which is other components of the raw material of the nitrogen-containing composite 
material which has the structure of (C), the poly aniline, and polypyrrole, some [ at least ] nitrogen atoms should 
just have active hydrogen among the nitrogen atoms in a principal chain, respectively. Therefore, a principal 
chain may consist of a homopolymer of aniline resin, the poly aniline, and polypyrrole, and may consist of these 
copolymers Moreover, a principal chain may consist of a block copolymer with these polymers, polymers other 
than these, for example, a polysiloxane, (silicone), a polyamide, polyimide, polyester, a polyether, vinyl resin, 
acrylic resin, the poly thiophene, etc. Moreover, although a single dimension chain, branched chain, a 2- 
dimensional chain, a three-dimensions chain, and annular any are sufficient as the gestalt of a polymer chain, it 
is preferably good except a three-dimensions chain. Since a three-dimensions chain is in the condition round 
which principal chains, such as the poly aniline and polypyrrole, twined by itself, this reason is because bridge 
formation with polysilane is fully hard to be performed. Although not limited especially about polymerization 
degree either, it is desirable that the chain numbers n of repeat units, such as an aniline and a pyrrole, are 4- 
10000 respectively, and it is desirable to a pan 20-1000, and that it is 300-1000 more preferably. This reason is 
that the effectiveness which fixes a polysilane chain to an organic matrix according to bridge formation 
becomes small the solubility over a solvent will fall, or the compatibility of polysilane will worsen, and 
preparation of a bridge formation object will become difficult if n is too large conversely while the poly aniline 
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^'t: °„da«o„'. Thus !! po^ilane, the poly aniline, etc. join together chemically, or it .cms together 

N atom tuples direTy with the principal chain of polysilane, P L and EL property are discovered and a 

mot"] Moreover'ln ^V^Te'these functions, various kinds of electronegative matter and the eiectronic 
on fe men nature matter may be added (doping). Specifically, acids, such as an iodine secondary salMzed 
r J hydrochloric acid a nitric acid, a sulfuric acid, a phosphoric acid, oxalic acid, p-toluenesulfonic acid, 

metnan/ulfonic acid and Wfluoro methansulfonic acid, etc. are mentioned. These are independent, or two or 

Ki ; rt :dd r iLt?h?:itog e enion U tainin 6 composite materia, which has an organic matrix is compoundable also 

poK^ a polyvinyl ketone, A polyether, a polycarbonate, a polyamide, polydie 

do Shane They are polyphenylene, polyphenylene oxide, polysulfone, silicone resm. rubber, a cellulose, 
d ote po yacethylene, Pori (P ARAFENIR ENS URU FIDO), the poly thiophene, a polish roll, etc These are 
inde^ sorts are mixed and they are used. Moreover, it can have in addition to the above 

hiS mSfecui^ clTpSund,. and may be, and the amine compound of a molecule may be used, for example, 
xvlvlene diamine, 2, and 6-diamino naphthalene etc. is mentioned. 

fo099 Next The n itrogen^ontaining composite material which has the structure of (D) is explained. The 
Ken "on tainlng composite material which has this structure is compounded by mixing and making the 
comDounl which serves as a like and an inorganic matrix which has active hydrogen and contains meta - 
n tmgen^et^ on a nitrogen atom like the polysilane explained in relation to the glass composite 

^e structure of (B) mentioned above, for example, a polysilazane sol etc react. In addition, 
^ th n tTogen^ontaming composite material which has the structure of (D), not only metal-nitrogen -metallic 
bond bu me ^xygen^eta.lic bond may be included in the inorganic matrix whic ma kes ^"^7^" 
[01001 Like for example, W.S.Coblenz's and others (MaterialsSc.ence Research, Vol.1 7, ed by R.F.Davis 
H ?Palmoir and Reporter, PlnumsPress, New York(1984) p.271-285) approach, in a predetermined metal 
toStTmeXM. metal carboxylate, etc., amine decomposition is earned out and a polysilazane so. 

^X^I^ ofthVinrgaTSix materia, to the polysilane which has a functional 

r i d c Sain a e not limited, generally to be 50 -2000% and further 100 - 500% preferably are desired 5 
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of poiysiiane stops being able to happen easily and lightfastness etc. improves And since an electronic state 
chants when N atom couples directly with the principal chain of poiysiiane, PL and EL property are discovered 

ff,Vsffi composite material which has the structure of 

as Si-aluminum Ti, B, Zr, V, W, Hf, Ta, U, Th, Be, Nb, Cr, Mo, and La, may be used as a metal nitride which 
onstit t^ an in ga ic matrix. Moreover, oxides, such as Si, germanium, Sn, Pb aluminum. - Ga As. Sb B, T,, 
Zr, V, Nb Ta, Na, K Li, calcium, Mg, Ba, and Sr. may be used together as a metallic ox.de w.th these metal 

[^Moreover, the nitrogen-containing composite material which has an inorganic matrix can make : the 
no ysi ane into which the amino group was introduced, an inorganic polymer, metallic-ox.de gel, etc. able to 

act and can Tlso be obtained. As metallic-oxide gel, silica gel, an alumina, titamum ox.de a z.rconium , .ox.de, 
ndium oxide the tin oxide, etc. are mentioned. In addition, coincidence may be made to distribute particles 

h a var 0 ceramics and clay, and a montmorillonite, saponite, a mica, etc. are specifically mentioned to ,t 
as ceramics as clay, such as silicon carbide, silicon nitride, alumimium nitride, titanium n.tr.de, calcium silicon, 

[O^O^FThermoie. a bridge may be constructed by both matrices in poiysiiane using organic and an inorganic 
matrix material as a matrix material so that it may have the structure of (C) and (D) 
E0IO6] Next, the nitrogen^ontaining composite material which has the structure of <E) is explained. The 
nitrogen-containing composite material which has this structure is preferably compounded by making heating or 
a catalyst act and stiffening it under an anhydrous condition, after decomposing the functional group introduced 
int .the side chain of the permutation poiysiiane mentioned already by organ.c amines, such as ammonia or 
monomethylamine, ethylamine, 2-wninoethanol. and an aniline. Poiysiiane constructs a bridge through a n.trogen 
atom i and M-N-tf (M is Si, germanium, or Sn atom) association formed as that result const.tutes an inorganic 

mi07] I^^e'nitrogen^ontaining composite material of this structure of (E), since the principal chain of 
o ysi ane as combined the nitrogen atom with high density directly and extremely as the bridged structure, 
improvement in big endurance is expected. Moreover, since this nitrogen-containing composite material is 
compoundable only from a precursor polymer, the content of the principal cha.n of polys.lane .s h.gh and 
becomes advantageous also in respect of a functional manifestation. 

[0108] The nitrogencontaining composite material of this invention which has the structure where the br.dge 
was constructed over the principal chain of poiysiiane through the nitrogen atom as mentioned above can 
acquire the same effectiveness as the glass composite material mentioned above. And in the n.trogen- 
containing composite material which has structure as shown in (C) and (E), for example since electronic 
con ugate [ of a poiysiiane principal chain ] spreads even in other poiysiiane principal chains through a nitrogen 
atom carrier-mediated transport ability, luminescence, a nonlinear optics property, etc. are shown. In this case, 
since' electronic breadth is also large as compared with an oxygen atom, as for a n.trogen atom r « expected 
that a conjugative effect will be strengthened. When the nitrogen atoms espec.ally coupled directly with the 
principal chain of poiysiiane form azo association, it is expected that a conjugative effect will be strengthened 
more and it is very useful. Furthermore, by the nitrogen bridge formation polys.lane which has the structure of 
(E) since three joint hands of a nitrogen atom can be used effectively, the firmer structure of cross linkage can 
be formed as compared with the oxygen bridge formation poiysiiane by which the bridge was constructed over 
the principal chain of poiysiiane through the oxygen atom two joint hands are [ at .om ] n addition it ,s the same 
as that of the case of the glass composite material mentioned above also about the desirable Physical 
properties which should be fulfilled when discovering optical and electrical characteristics excellent in the 
nitrogen-containing composite material of this invention. 

[0109] Next, application to a photoelectron device called patterning, the light emitting device and the 
electrophotography photo conductor, nonlinear optical element, and laser component for making a different 
function in one Plastic solid discover as an application using the composite material (glass composite materia 
and nitroge Containing composite material) of this invention is explained. In addition although glass compos.te 
material (oxygen bridge formation poiysiiane) is explained as a representative below, of course, nitrogen- 
containing composite material (nitrogen bridge formation poiysiiane) is applicable similarly. 
010] (Patterning) If the poiysiiane used for the precursor of the glass compos.te material concerning this 
nv eni on is use as the glass composite material over which the polymer chain and glass matrix of polys.lane 
constructed the bridge by the suitable reaction, it can make various electric and chemical property mentioned 
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above discover. On the other hand, if it oxidizes in the poiysiiane of a precursor, since many parts which a 
polyrnYr chain is cut and serve as a metallic oxide will occur, such an ingredient has a different property from 
the above-mentioned glass composite material. Therefore, if the two above-mentioned reactions are made to 
cause in one Plastic solid, the field which has two different properties can be formed. 
[01 1 H For example, after preparing the solution of the poiysiiane of a precursor, applying on a suitable 
substrate, forming membranes and exposing some fields with the light of short wavelength rather than the 
absorption wavelength f.eld of poiysiiane, or it alternatively through a predetermined mask first, the P ast.c solid 
whtch has a desired pattern by the approach of heating can be acquired. That is, at the exposure section a 
polymer chain is cut by photooxidation, many metallic oxides are generated, and glass composite material 
generates by advance of the crosslinking reaction by heating in the unexposed section to not containing 
poiysiiane or the content forming a little vitreous humour by subsequent heating 

[011 2] If its attention is paid to an optical property, the exposure section will not discover these functions to 
he unexposed section discovering functions, such as ultraviolet absorption ability (ultrav.olet-rays electric 
shielding ability) and firefly luminescence. Therefore, ultravioleWays-proof hard coating etc. is applicable to a 
transparence bar code, angles-visibility selectivity coating, the hollow window film, etc. using fluorescence 
using ultraviolet-rays electric shielding ability. Moreover, since the unexposed section differs in a refractive 
index from the exposure section, it can also use as optical waveguide, optical storage parts, such as a hologram, 
etc About optical waveguide, the unexposed section which consists of glass composite material may be a core, 
or you may be a clad, and especially a configuration is not limited, either. If its attention is paid to an electric 
property since the unexposed section will be low resistance and the exposure section will be high resistance, 
when connecting electrically the printed circuit board in which the electrode of a predetermined pattern was 
formed for example, and the electronic parts mounted on it, the thin film of poiysiiane can be used. 
[01 13] '(Light emitting device) Although recent years are prosperous in research of the electroluminescence 
(EL) component from which high brightness is obtained by the low battery using an organic compound, these 
have remarkably low endurance, in order to obtain good brightness, need to adopt a vacuum evaporation 
nrocess about all layers, and have the problem that cost goes up. Although the EL element which used 
nolvsilane is indicated by J P ,3-1 26787,A, the poiysiiane used conventionally has various problems wh.ch were 
mentioned above. Although generating EL luminescence with the visible porosity poiysiiane obtained by carrying 
out anodization of the crystal silicon to Phys.Rev.B49 (1994) 14732 is indicated, since porosity poiysiiane is 
oroduced by etching a silicon substrate, it can be formed neither by the depositing method nor the applying 
method Although it is indicated by Phys.Rev.Lett.69 (1992) 2531 that SHIROKISEN shows fluorescence or a 
phosphorescence, as mentioned above, since SHIROKISEN is insoluble to a solvent, it can be formed neither -by 
the depositing method nor the applying method. Furthermore, since these porosity poiysiiane and SHIROKISEN 
contain Si crystal, they have the problem of Si crystal forming the level non-emitted light and reducing EL 
effec tive n es s 

[0114] On the other hand, since membranes can be formed on the high film of a mechanical strength, it excels 
in lightfastness etc , and the content of a silicon microcrystal, a germanium microcrystal, and a tin microcrystal 
is moreover stopped, and the property which poiysiiane originally has can be efficiently employed as mentioned 
above the glass composite material of this invention can be used as a component of an EL element. 
[01 1 5] In the light emitting device to which the light emitting device of this invention has a luminous layer in 
inter-electrode [ one pair of ] The polymer chain with which said luminous layer is chosen from poiysiiane, the 
poly germane, the poly stannanes, and these copolymers, It has the network structure of the metallic ox.de 
which a metal atom comes to combine with other metal atoms through an oxygen atom. The bridge is 
chemically constructed by three or more places by the glass matrix which said polymer chain becomes from the 
network structure of said metallic oxide. M atom (it acts as a non-emission center) with which all of four joint 
hands of M atom (however, at least one sort as which M is chosen from Si, germanium, and Sn) form M-M 
association is characterized by making into a subject glass composite material which is less than 10%m M 

atomic composition ratio. , , . . 

[0116] In the light emitting device to which other light emitting devices of this invention have a luminous layer 
and a charge transportation layer in inter-electrode [ one pair of ] The polymer chain with which said charge 
transportation layer is chosen from poiysiiane, the poly germane, the poly stannanes, and these copolymers, It 
has the network structure of the metallic oxide which a metal atom comes to combine with other metal atoms 
through an oxygen atom, and is characterized by making into a subject glass composite material over which 
three or more places come to construct a bridge chemically by the glass matrix which said polymer chain 
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I .ffirtnt as he structure of an EL element, and further multilayer structure is sufficient as it. 
ro 1 1 8] I n t h e E L e le m e n t o f th is invention, various kinds of organic compounds can be used as an ingredient 
Lhi h const tutes layers other than the luminous layer which consists of glass compos.te material, and/or a 
Se tran trt ^ lay the organic compound which may be used for a hole transportation layer - a 
5 nip rftrivat ve an OKISA diazole derivative, an imidazole derivative, the poly aryl alkane derivative, a 

l^.r'lnTt'^tZ^oX.TWe.n.M of gfass composite material concerning this invention 
anc 'Z 'may form «ne "aye" which is'mixed with glass composite materia, and has a predetermined ft.net.on. 1- 
STl * -lling atte; forming the 

nrecu sor byT method of applying arbitration. Moreover, since it is hard coming to dissolve the gelled glass 
compete material in a solvent, when forming other layers by the applying method on ,t, ,t can use the solvent 

^Ol^Ol'Th^thing of transparence is desirable although the thing of the various quality of the materials, such as 
, Lir. Vnd a ririd plastic can be used as a substrate, as the ingredient of a hole impregnation 

glass "ramies. and a rigid J 1 "^ can a|| which contains meta , s or the se metals, such as Au, Ag, 

electrode -ITO, Sn02, and In 20 3 etc. « y d|ent of a meta „ ic oxide and an electron 

^ec1i::' n e™i::de n Ts ke use M d g ',t C is C Sabfoto'b'tansparence or that at least one side of these electrodes Is 

rnT/l'l It'can usually drive with about [ 3-50V ] direct current voltage, and the EL element of this invention is 
0 - MOO mA/cm" The Z ent of extent flows and it is 1-10000 cds/tn2. The luminescence brightness which 
^extent is obtained In addition, since luminescence energy changes according to the Cham number and the 
deer e of cross Iking of Si, germanium, and Sn in the polymer principal chain when using glass composite 
materia la "<n nous layer luminescence wavelength can be adjusted to some extent. After exposing the him 
^ a n ecurso in order to change the chain number and the degree of cross I nking of Si, germaniun , and S n ,n 
a eolym r principal chain here for example, the approach of constructing a bridge can be used. Under the 
present circumstances, the EL element of multicolor luminescence is realizable by performing patterning, as 

rai n 22r(Ele?tro V Dhotography photo conductor) As an electrophotography photo conductor, what has a charge 
general ng aye and a chate transportation layer is proposed in recent years. Although w at distributed th 
generating laye a u at « bec omes a binder polymer from an organic low molecular weight compound 

a thi charge a port o £ye . ZZl charge transportation ability falls by the binder polymer and it is 
ac g a so ndurance Moreover, by such conventional polysilane, although t e f^^Z 
conductor which used the polysilane block copolymer is indicated by J P ,3-293361 , A, for example, as 

[0123] Intheellec photography pho'to inductor with which the electrophotography photo conductor of this 
2 has a cha ge generating layer and a charge transportation layer on a conducive base material The 
'polymer ch"n with w^'h said charge transportation layer is chosen from polysilane, the poly germane, the p 
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stannanes and these copolymers, It has the network structure of the metallic oxide which a metal atom comes 

comb ne with other metal atoms through an oxygen atom. It can be characterized by mak.ng ,nto a sublet 
glass composite material over which three or more places come to construct a bridge chem.caNy by the g ass 
ma ix which said polymer chain becomes from the network structure of said metallic ox.de, and can excel m 
endurance, and the charge transportation ability which polysilane has essentially can be discovered. 
[01 241 The example of the electrophotography photo conductor concerning this invention is explained w th 
reference to drawing 3 and drawing 4 . The electrophotography photo conductor of drawing 3 carries out 
equential formation of the charge transportation layer 33 which consists of glass composite material 
concerning the charge generating layer 32 and this invention on the conductive base material 31 The 
e^trophotography photo conductor of drawing 4 carries out sequential formation of the charge transportation 
lay! I! II ? and the charge generating layer 43 which consist of glass composite material concerning this mvent.on 

foV25] M SmXrXmM* contained in a charge generating layer, organic charge generating matter 
uch as inorganic charge generating matter, such as Se, SeTe, and SeAs, pyrylium, a thia pyryl.um system color 
and a pVthaocyanine system pigment, an anthanthrone pigment, a JIBENZU pyrene qu.none pigment, a pyran 
TRON pigment a tris a o pigment, an indigo pigment, the Quinacridone system pigment and mo cyanine may 
be used These are formed as a charge generating layer in the condition of having usually distributed in the 

[Om^A^conductive base material, aluminum, an aluminium. alloy, copper, zinc stainless steel, titanium, 
nickel! an indium, gold, platinum, etc. are used. Moreover, the resin which covered these metals with vacuum 

[O^TAm^ The nonlinear optical element of this invention In the nonlinear optical 

element which has the nonlinear^ptical-Dhenomena generating section and the optical guided wave section 
The polymer chain with which said nonlinear-optical-phenomena generating section is chosen from polysilane, 
he poly germane, the poly stannanes, and these copolymers at least, It has the network structure of the 
metallic oxide which a metal atom comes to combine with other metal atoms through an oxygen atom. The 
bridge is chemically constructed by three or more places by the glass matrix which said polymer chain becomes 
from the network structure of said metallic oxide. And the silicon crystal with which a peak is observed 
according to the X diffraction which makes Cu bulb X line source by the range of 2theta=20-60 degree Area of 
the signal resulting from a germanium crystal and a tin crystal is characterized by mak.ng into a subject glass 
composite material which is l%or less of the sum total area of all signals. 

roi 281 The example of the nonlinear optical element concerning this invention is explained with reference to 
drawing 5 and drawing 6 . The nonlinear optical element of aVawjng 5 is formed in a pattern which glass 
composite material illustrates by etching on a substrate 51. That center section is the 3rd > nonlinear- . 
phenomenon generating section 52, and it has the configuration by which the waveguides 53 and 54 of 
dichotomy and the waveguides 55, 56, and 57 of the trifurcation to an outgoing radiation side were formed in 
the incidence side of laser light to this center section. If incidence of the signal light is independently earned 
out from waveguide 53, it will go straight on and outgoing radiation will be carried out from waveguide 55 If 
incidence of the control light is independently carried out from waveguide 54, it will go straight on and outgoing 
radiation will be carried out from waveguide 56. And independently, if incidence of waveguide 53 to the control 
light is carried out to coincidence, diffraction will produce it from waveguide 54 in the 3rd nonlinear- 
phenomenon generating section 52. and the diffracted light carries out outgoing radiation of the signal light from 
waveguide 57 The secondary nonlinear-phenomenon generating section 62 to which the nonlinear optica 
element of drawing 6 consists of glass composite material on a substrate 61 is formed in a stra.ghtH.ne-hke 
pattern. If this secondary nonlinear-phenomenon generating section 62 is made to pass light, the 2nd higher 
harmonic will occur in the direction shown by the arrow head. «, A ,, n 

[0129] (Laser component) Although semiconductor laser is briskly studied as small laser in recent years. 450nm 
of oscillation wavelength is a limit, and the oscillation on the wavelength not more than . is not realized 
roi 301 On the other hand, since the luminescence wavelength of 350-450nm and the poly stannane of the 
uminescence wavelength of 300^100nm and the poly germane is 400-500nm, the luminescence wavelength of 
polysilane can serve as an outstanding laser medium from the point of wavelength. Since the glass composite 
material of this invention can employ the luminescence wavelength of these polysilane efficiently effectively, the 
aDDlication as a laser component is expectable. . 
[0131] In the laser component which has the resonator with which the laser component of this invention 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgUjje 2004/12/20 



29/57 



consists of one pair of mirrors by which opposite arrangement was carried out through a laser medium and this 
aser medium and an excitation means for exciting said laser medium The polymer cha.n with which said laser 
Led um is ch sen from polysilane, the poly germane, the poly stannanes, and these copolymers I ha the 
network structure of the metallic oxide which a metal atom comes to comb.ne w.th other metal atoms through 
aToxygen atom The bridge is chemically constructed by three or more places by the glass matrix which , said 
I mercha becomes from the network structure of said metallic oxide. And the silicon W™^^*** 
oeak is observed according to the X diffraction which makes Cu bulb X line source by the range of 2theta=20 

0 degree Area of the signal resulting from a germanium crystal and a tin crystal is characterized by makmg 
into a subject glass composite material which is IXor less of the sum total area of a I signals. 

0132] The example of the laser component concerning this invention is explained with reference to drawing 7 . 
The asl component of drawing 7 forms one pair of resonator mirrors 72 and 73 -n the both ends of the laser 
medium 71 which consists^ glass composite material, and one pair of electrodes 74 and 75 for exc.tat.on as an 
«ctatton means are formed in both sides of the laser medium 71 . Excitation of th.s laser med.um 71 generates 
laser light in the direction of an arrow head. 

[0133] . 

TExamDle] Hereafter, this invention is explained based on an example. /T ^ nN , n u . . u th 

0134] Polys lane (E ) 70mg of molecular weight 420000 and tetra^thoxy silane (TEOS) 70mg wh,ch has the 
re a in u shown with the example 1 following chemical formula were dissolved in ethanol "ml Agitating 
this solution at a room temperature, the mixed solution (0.5ml of aqueous ammon.a and ethanol 5ml) was added 
28% and agitated at the room temperature for 12 hours. Next, the solvent was removed and condensed and 
coating liquid was prepared until all volume was set to about 1ml. Then, rotation spreading of th.s coating liquid 
was carried out on the quartz substrate. After air^irying the coating liquid on a substrate at a room 
Temperaiure for about 1 hour, at 40 degrees C, it dried for 5 hours, and gelled, and the transparent and 
colorless film (example 1) was obtained. 
[0135] 

[Formula 21] 



When visible and the ultraviolet absorption spectrum of the obtained film were measured it turned out that 
absorption resulting from the silicon chain of polysilane (El) is observed near 315nm, and po ys.lane (El) as 
not decomposed under a gelation reaction condition, moreover, the infrared absorption spectrum of this film - 
KB r - when measured by law, absorption resulting from Si-O-SI association was observed by the "00cm-1 
neighborhood, and it was checked that silicic-acid glass structure is formed. These results showed that the 
obtained film was glass bipolar membrane which polysilane (El) contains in silicic-acid glass 
0136] Furthermore, the pencil scratch test (JIS-K5400 conformity) estimated the degree of hardness of th.s 
glass bipolar membrane. Consequently, as for this glass bipolar membrane, it turned out that a degree of 
hardness B is shown and it has sufficient mechanical strength. rnnfnrm -, U A 
[0137] Moreover, the other measurement results were as follows. A volume res.st.v.ty (J IS -C 2 151 conform ty) 
is 3x106 It was over omega-cm. The rate of haze of 300-800nm was 5% or less. According to the X diffract.on, 
the peak resulting from Si microcrystal was not observed. It was clear from the conversion of the functional 
group of the precursor polymer computed by NMR, IR, and TG that the point s [ constructing a bridge ] on a 
polymer chain they are three or more places. On the other hand, for the comparison, like the above, the ethanol 
solution of polysilane (El) was prepared, rotation spreading was carried out, it dr.ed and the film was formed on 
the quartz substrate. This rotation spreading film was so soft that the fingerprint was attached when pushed by 
the fingertip, and that mechanical strength was insufficient. 

0138] Example 2 polysilane (El) 6.7mg, polyvinylpyrrolidone (PVP) 70mg, and tetra-*thoxy s.lane (TEOS) 
70mg were dissolved in ethanol 2.5ml. Agitating this solution at a room temperature, the mixed solution (0.5ml of 
llueou ammonia and ethanol 5ml) was added 28% and it agitated at the room temperature for 12 hours. Nex , 
Z solvenTwJs removed and condensed and coating liquid was prepared until all volume was set to about 1ml. 
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Then rotation spreading of this coating liquid was carried out on the quartz substrate. After air-drying the 
coating liquid on a substrate at a room temperature for about 1 hour, at 40 degrees C, it dr.ed for 5 hours, and 
eelled and the transparent and colorless film (example 2) was obtained. 

[0 39] About this film, like the example 1, when measurement of visible, an ultraviolet absorpt.on spectrum and 
an infrared absorption spectrum was performed, it turned out that this film is glass bipolar membrane wh.ch 
oolvsilane (El) contains in the medium which consists of PVP and silicic-acid glass. 




group ( 

nnlvmer chain they are three or more places. . 
PolyTitane (E2) 70m 8 of molecular weight 7000 and tetra-ethoxy silane (TEOS) 70mg wh.ch has the repeating 
unit shown with the example 3 following ohemioal formula were dissolved in *°^° n 
at a room temperature, the mixed solution (0.5ml of aqueous ammonia and ethanol 5ml) was added 28/* and it 




1 ... . 

0.2 micrometers of thickness was obtained, 
[0141] 

[Formula 22] 

O C H j C H 3 
^Si+ (E2) 



C H 3 



When visible and the ultraviolet absorption spectrum of the obtained film were measured, absorption resulting 
from the silicon chain of polysilane (E2) was observed near 305nm. moreover, the infrared absorpt.on spectrum 
of thjs fHm — KB r — when measured by law, it was checked that silicic-acid glass structure is formed. These 
results showed that the obtained film was the glass bipolar membrane which polysilane (E2) contained in silicic — 

mi^TMoreover, the other measurement results were as follows. A volume resistivity (JIS-C2151 conformity) 
is 3x106 It was over omega-cm. The rate of haze of 300-800nm was 5%or less. According to the X diffraction, 
the peak resulting from Si microcrystal was not observed. It was clear from the conversion of the functional 
group of the precursor polymer computed by NMR, IR, and TG that the point's [ constructing a bridge ] on a 
polymer chain they are three or more places. Furthermore, lightfastness was evaluated as it was the following 
about the obtained glass bipolar membrane. That is, in order to degrade glass bipolar membrane, they are 
ultraviolet rays with a wavelength [ a low pressure mercury lamp to ] of 254nm 7 mW/cm2 The predetermined 
time exposure was carried out on conditions. And lightfastness was evaluated by comparing visible and the 
ultraviolet absorption spectrum before and behind UV irradiation. Consequently, by the film of an example 3, 
also after the UV irradiation for 30 minutes, the absorption peak reinforcement near 305nm is 72,* as compared 
with it before UV irradiation, and having not photodissociated the polysilane chain so much was checked. On 
the other hand for the comparison, like the above, the ethanol solution of polysilane (E2) was prepared, rotat.on 
spreading was carried out, it dried and the film (example 3 of a comparison) was formed on the quartz substrate. 
About this film the lightfastness when irradiating ultraviolet rays was evaluated by the completely same 
conditions as the above. In addition, the thickness of the rotation spreading film of the example 3 of a 
comparison could be 0.16 micrometers so that the absorbed amount of ultraviolet rays with a wavelength of 
254nm might become the same as that of the glass bipolar membrane of 0.2 micrometers of thickness 
Consequently by the rotation spreading film of the example 3 of a comparison, the absorption near L wh.ch 
originates in a silicon chain by the exposure of ultraviolet rays ] 310nm disappeared mostly As mentioned 
above it turned out that the glass bipolar membrane of an example 3 has the endurance which was very 
excellent to the optical exposure as compared with the rotation spreading film of the example 3 of a comparison 
which consists of unsettled polysilane (E2). 
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[0143] The THF solution of example 4 poiysiiane (E2) was prepared, and rotation spread.ng of this solution was 
carried out on the quartz substrate. After air-drying the coating liquid on a substrata at a room temperature for 
about 1 hour it heat-treated at 150 degrees C for 1 hour, and the transparent and colorless film was obtained. 
0144] When s b e a d the ultraviolet absorption spectrum of the obtained film were measured, absorption 
e Jlflng from "the silicon chain of poiysiiane (E2) was observed near 302nm moreover, the mfrared absorption 
oec urn of th s film — KB r -when measured by law, absorption of the 1020cm-l neighborhood was 
ncreashg as compared with poiysiiane (E2), and it was checked that Si-O-Si association had newly arisen, 
increasing as cor p refractory at T HF and also hardened membraneous quality. These results suggest 

t F h^ th r e m gl s PolaT m e emb m ran r e ef containing I part for the si.icic-.cid glass similar structured division produced 
when adjoin ng poiysiiane chains constructed a bridge through the oxygen atom originating m the ethoxy radical 
o\ a side h in, an a poiysiiane chain is formed. Thus, even if it uses only poiysiiane (E2) as a raw material, the 
glass bipolar membrane containing a poiysiiane chain can be formed. When the pencil scratch test UISH<5400 
fonformftiS estimated the degree of hardness of this glass bipolar membrane, the degree of hardness B was 

[JiTs] Moreover, the other measurement results were as follows. A volume resistivity UIS-C2151 conformity) 
is 3x106 was below omega-cm. The rate of haze of 300-800nm was 5%or less. According to the X 
diffraction t^e peak resulting from Si microcrystal was not observed. It was clear from the conversion of the 

r t c ^ a group of the precursor polymer computed by NMR, IR, and TG that the point s [ constructing a 
bridge ] on a polymer chain they are three or more places. Furthermore, hghtfastness was evaluated by 
r radiat ng -predetermined time ultraviolet rays on the same conditions as an example 3 and comparing : visible 
a d he ultraviolet absorption spectrum before and behind UV irradiation about the obtained glas b polar 
membra e Consequently, the absorption peak reinforcement near 302nm of the film of an example 4 is 70% or 
more also after the UV irradiation for 30 minutes as compared with it before UV irradiation, and having not 
Dhotod sociated the poiysiiane chain so much was checked. On the other hand, for the comparison, rotation 
spread! g f the ethanol solution of poiysiiane (E2) was carried out on the quartz substrate like the above, it 
dried the film (example 4 of a comparison) was formed, and Hghtfastness was evaluated like the above. 
Consequently, by the rotation spreading film of the example 4 of a comparison, the absorpt.on near [ resulting 
from a silicon ohain ] 310nm disappeared mostly only by irradiating ultraviolet rays for 5 minutes Thus it _ turned 

u that lightfastness of glass bipolar membrane of an examp.e 4 is improving greatly as compared with the 
rotation spreading film of the example 4 of a comparison which consists of unsettled poiysiiane E 2 . 
to 4 6] Similarly Pori (phenylmethyl silylene) (weight average molecular weight 4000) and Por. (d.butyl s.lylene 
(weight average molecular weight 10000) were used, respectively for the comparison, the rotat.on spreading film 
fexTrnpl ^ of comparison 4' and 4") was formed like the example 4 of a comparison, and the completely same 

ondTtions as the above compared Hghtfastness. Consequently, the absorption near [ resulting from a silicon 
chain ] 310nm disappeared mostly only by the rotation spreading film of example of comparison 4 and 4 

Sating ultraviolet rays for 5 minutes. Thus, even if it compared the glass bipolar membrane of an example 4 
with the rotation spreading film which consists of poiysiiane known conventionally, it turned out that 

IVeTaXtfnrtet^thoxy si.ane Ig, ethanol 1.5g, 2g of water, and the mixed solution of 0, g of 
hydrochloric acids at a room temperature for 1.5 hours, 3g [ of water ] and aceton.tr.le 0.5g was added and 
agitated The substrate with which the above-mentioned glass bipolar membrane was formed was immersed in 
th mixed solu ion for 10 minutes. Then, the substrate was taken out, the front face of glass bipolar membrane 
was nnsed lightly, and stoving was carried out for 40 minutes at 100 degrees C When the pencil scratch test 
estimated the degree of hardness of the film after this immersion processing, degree-of-hardness 3H were 
shown. As mentioned above, it turns out that its membranous degree of hardness increased by immersion 
processing since the degree of hardness of the film before immersion processing was B . This is S.02 ,n the film 
by immersion processing A sol permeates, a bridge is constructed over poiysiiane and mutual, and it is thought 
that it is because the silicic-acid glass structure in the film was strengthened. 

The THF solution of the poiysiiane (E3) of the weight average molecular weight 8000 which has the repeat unit 
Ihown with The example 5 following chemical formula was prepared, and rotation spreading of this solution was 
carried out on the quartz substrate. After air-drying the coating liquid on a substrate at a room temperature for 
about 1 hour carried out stoving for 5 minutes at 160 degrees C, and leave it one whole day and night, , was 
made to harden at a r0 om temperature further, and the transparent and colorless hardening fihn (example 5) 
was obtained. When visible and the ultraviolet absorption spectrum of the obtained hardening film were 
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measured absorption resulting from the silicon chain of polysilane was observed by the field of 280 to 31 0 nm. 
^o?e e ve^ftur^e7 0 ut that stlicic-acid glass simi.ar structure is formed from infrared-absorption^pectrum 



measurement. 
[0148] 

[Formula 23] 

O C H 3 



( E 3 ) 



OC H 3 

It turned out that degree-of-hardness 2H are shown when a pencil scratch test (JIS-K5400 conformity) 
Vt mates the degree of hardness of the obtained glass bipolar membrane, and it has a good mechanical 
reng Mo eover he I ghtfastness over UV irradiation was investigated like [ bipolar membrane /which was 
bta fed" / ass t' he example 3. Consequently, it was checked that absorption pea reinforcement in /at 
after the UV irradiation for 30 minutes / in the glass bipolar membrane of an example 5 / the field «rf 28C to 310 
nm 1 is 80% o more as compared with it before UV irradiation, and has not photod.ssociated the polysilane 
ha in s mu n the othe? hand, when lightfastness was similarly evaluated about the rotat.on spreading film 
of the poSsSan T(E3 which omits hardening processing by heating, absorption of a s.l.con chain disappeared 
mostly by the UV irradiation for 5 minutes. Thus, it turned out that the glass bipolar membrane obtained by 

tor 4 e 9 rM 8 o=^ ots.?m.r«r. n n? sr ™u f 0 „ows. A „ T T , T 

is 3x106 It was below omega-cm. The rate of haze of 300-800nm was 5% or less. According to the X 
dif fract io the peakTesulting from Si microcrystal was not observed. It was clear from the conversion of the 
r t c na group of the precursor polymer computed by NMR, IR, and TG that the point s [ constructing a 
f 1 nnivm rhain thev are three or more places. Moreover, when the polysilane (E3 ) (weight average 
mo e u ar weigh S 1^ 1"^ sle repea'unit as polysilane (E3) instead of polysilane (E3) was used, 
as ■ complre with the non-hardened thing, lightfastness improved similarly by degree-of-hardness 3H 
roi SoTNext 0 5% 0 f the weight of oxalic acid was added to polysilane (E3) as an acid catalyst this mixture was 
i solved t THE a d rotation spreading of this solution was carried out on the quartz substrate After a,r- 
drying the coating liquid on a substrate at a room temperature for 1 hour, stov.ng was carried out for 10 
minute at 12C degrees C it was further left at the room temperature one whole day and night, ; ™l the 
rransparent and colorless hardening film (example 5") was obtained. When the pencil scratch test 0 K-K5400 
conformity estimated the degree of hardness of the hardening film of example 5 , it was degree-of-hardness 
3H Thu whe polysilane is stiffened using an acid catalyst, rather than the case where only polys.lane is 
stiffened' hardening conditions are quiet and can form the moreover more tough hardening f. m. Moreover as a 
^ult of measuring visible and an ultraviolet absorption spectrum about the hardening film of example 5 , the 
Zor^oT^ZZng from a silicon chain did not become so weak, but it also turned out that disassembly 
of the polysilane principal chain which happens as side reaction in the case of a hardening reaction , 
controlled This is considered to be for having the operation which the oxalic acd wh.ch is an acid catalyst 
promotes the desorption of the alkoxyl group of a polysilane side chain, or a hydroxy! group and ra.ses a degree 
o cToss linking, therefore preventing the cleavage of the polysilane chain which is side reaction. 
[0151 Subsequently, 20% of the weight of aluminum TORIISO propoxide was added to polysilane (E 3), this 
mix re wa di solved in THE, and rotation spreading of this solution was carried out on the quartz subs rate. 
After air^rying the coating liquid on a substrate at a room temperature for 1 hour, it heat -treated for 30 
minutes at 120 degrees C, it was further left at the room temperature one whole day and night, and he 
rransparent and colorless hardening film (example 5") was obtained. When the pencil scratch test CJJIS-K5400 
conformity estimated the degree of hardness of the hardening film of example 5 , it was degree-of-hardness 
5H Z whe polysilane is stiffened using an aluminum alkoxide, rather than the case where only polysilane is 
sWfened' hardening conditions are quiet and can form the moreover very tough hardening film. Thus it is 
houRht that it is for forming the frame of alumina resemblance while as for the reason whose membranous 
surface harness improved the aluminum alkoxide itself acts as a cross linking agent and it ra.ses a degree of 

oss Hnking Mor over, as a result of measuring visible and an ultraviolet absorption spectrum about the 
har ening fL of example 5", the absorption peak resulting from a silicon chain did not become so weak, but ,t 
als t urne out hat disassembly of the polysilane principal chain which happens as side reaction in the case of 
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a hardening reaction is controlled. An aluminum alkoxide is Lewis acid and this is considered to be for having 
the operation which promotes the desorption of the alkoxyl group of a polysilane s.de chain, or a hydroxy! group, 
and raises Tdljee of cross linking like an acid catalyst like oxalic acid, therefore preventing the cleavage of 
the nolvsilane chain which is side reaction. . 
01521 In addition, also when titanium tetra-*thoxide or CHINTE truck butox.de was used instead of an 
aluminum alkoxide. the same result as the case of an aluminum alkoxide was obtained. Moreover, polys, lane <E3) 
andTooXo the weight of perhydro polysilazane were mixed too, and rotation spreading was earned out on the 
toluene solution, and nothing and a quartz substrate. It heated in air at 120 degrees C for 2 hours and the 
transparent and colorless polysilane-silica compound hardening film was obtained. A volume res.st.vity is 3x106. 

was mo e than omega-em. The rate of haze of 300-800nm was 5%or less. According to the X d. ffrac t on the 
peak resulting from Si microcrystal was not observed. It was clear from the conversion of the functional group 
ofte ^precursor polymer computed by NMR, IR, and TG that the point's [ constructing a bridge 3 on a polymer 

ft?3]^ toluene 160m. and heptane 35m. were put into the threeHot flask of 611. 

of examples and it equipped with reflux tubing and a dropping funnel, and held at 60 degrees C in the argon 
amb ent atmosphere After being dropped at it, having toluene covered [ J ITASHARI butoxy d.ch.oros ane 
1T7V/ 30m. ] it over this mixture for 1 hour, it agitated at 60 degrees C for 3 hours. Next, tnmethy s.ly. chlonde 
Jml was Topped and it agitated for 30 more minutes. Furthermore, 21. toluene was added and agitated Then, 
oresTure filiation was carried out using the glass filter. B y distilling a solvent out of the obtained f.ltrate, it 
considered as about 100ml volume. It poured in agitating this in a 21. methanol, and the polymer was 
epredpitated. After continuing and filtering precipitate, the vacuum drying was earned out and the polysilane 
(E4) which has the repeating unit shown with the following chemical formula was obtained (yield of 1.1 g, average 
molecular weight 2700). . 
[0154] The result of IR of the obtained polysilane and an NMR spectrum is shown be ow. 
[0155] IR(KBr,cm-1):815(m), 1022 (m), 1045 (s), 1100 (m), 1185 (s), 1363 (m), 2975 (m). 
[0156] 1 H-NMR(270MHz and C6 D6): delta! .27 (s). 
[0157] 

[Formula 24] 



H s C - C - C H 3 
CHj 

Rotation spreading of the toluene solution of this polysilane (E4) was carried out on the quartz substrate and 
the film was formed. This film was enclosed into the desiccator with the 6-N hydrochlor.c-ac.d water solution 
put into the open container, was left for two days at the room temperature and was exposed to the 
hydrochloric-acid steam. Furthermore, the film was heated at 150 degrees C still under the hydrochlonc-ac.d 
steamy ambient atmosphere for 4 hours. , , .. , 

[0158] When the infrared absorption spectrum of this film (example 6) was measured, increase of absorption of 
the 1020cm-1 neighborhood as well as an example 4 was observed, and it was checked that Si-O-Si 
association had newly arisen. On the other hand, the absorption resulting from t-butyl ( isap .peared. The 

nversion of the alkoxyl group of the precursor polymer computed by NMR IR, and TG at this ; time was about 
40% Moreover, when the pencil scratch test (J IS K5400 conform.ty) estimated, degree-oMmrdness 6H were 
shown, and hardening of membraneous quality was accepted. From these th.ngs, under ac.d^atalyst ex.stence, 
t-butyl of polysilane (E4) decomposes by having heated, the produced silanol group condenses mutually and ,t ,s 
thought that the same silicic-acid glass similar structure as an example 4 generated ™ nfnrmi ^ 
[0159] Moreover, the other measurement results were as follows. A volume resistivity 0IS-C2151 conform.ty) 
is 3x106 It was below omega-cm. The rate of haze of 300-800nm was 5%or less. According to the X 
diffraction the peak resulting from Si microcrystal was not observed. It was clear from the conversion of the 
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functional group of the precursor polymer computed by NMR, IR, and TG that the point s [constructing a 
r dg . on a polymer chain they are three or more places. The lightfastness over UV irradiation was evaluated 
like [ i m /which was continued and obtained ] the example 3. Consequently, it was checked that the 
b or L peak reinforcement near [ where the film of an example 6 originates in the sil.co n chain , jf po lys.lane 
(E4) also after the UV irradiation for 30 minutes ] 315nm is 85%as compared with it before UV irradiation, and 
has not photodissociated the polysilane chain so much. On the other hand, for the comparison, ^ ^ ^ 
the toluene solution of polysilane (E4) was prepared, rotation spreading was carried out, it dried and the film 
example 6 of a comparison) was formed on the quartz substrate. About this film, the hghtfastness over U V 
irradiation was evaluated like the above. Consequently, by the film of the example 6 of a comparison, the 
absorption which originates in a silicon chain by the exposure of ultraviolet rays disappeared mostly As 
mentioned above it turned out that lightfastness of film of the example 6 acquired by the condensation reaction 
oi polysHane (E4) improves greatly as compared with the film of the example 6 of a comparison which consists 

roVeO?^'^ ] and toluene 160ml and heptane 35ml were put into the three-Hot .flask of 711. 

of examples, and it equipped with reflux tubing and a dropping funnel, and held at 60 degrees C in the argon 
ambient atmosphere. After tertiary butoxy methyl dichlorosilane 80g was dropped at rt, having covered 30m of 
ot ne solutions over this mixture for 1 hour, it agitated for three days at 60 degrees C. Next trim ethyls y 
chloride 5ml was dropped and it agitated for 30 more minutes. Furthermore, 21. toluene was added and agitated. 
Then pressure filtration was carried out using the glass filter. By distilling a solvent out of the obtained filtrate, 
it considered as about 100ml volume. It poured in agitating this in a 21. methanol, and the polymer was 
reprecipitated. After continuing and filtering precipitate, the vacuum drying was earned out and the polys.lane 
(E5) which has the repeat unit shown with the following chemical formula was obtained (yield of 5.2g, average 
molecular weight 3000). . 
[01611 The result of IR of the obtained polysilane and an NMR spectrum is shown below. 
[0162] IR(KBr,cm-1):810(m), 1010 (s), 1030 (s), 1185 (s), 1234 (s), 1360 (s), 2965 (s). 
[0163] 1 H-NMR (270MHz and C6 D6): deltaO.5-0.8, 0.8-1.5. 
[0164] 

[Formula 25] 

C H s 

H s C-C-CH 3 



When the film was formed on the quartz substrate by the same approach as an example 6 and hardening 
processing was carried out using the obtained polysilane (E5), the transparent and colorless hardening film was 
obtained It turned out that this hardening film is glass composite material. The surface hardness of the 
obtained film had degrees-hardness 4H and sufficient film degree of hardness by the pencil scratch test (J IS- 

[0]65]Uo!Zve7Xe other measurement results were as follows. A volume resistivity (JIS-C2151 conformity) 
is 3x106 It was below omega-™. The rate of haze of 300-800nm was 5% or less. According to the X 
diffraction, the peak resulting from Si microcrystal was not observed. It was clear from the conversion of the 
functional group of the precursor polymer computed by NMR, IR, and TG that the point s [ constructing a 
bridge ] on a polymer chain they are three or more places. Moreover, when the radiationproof.ng test to 
ultraviolet rays was performed, the absorption peak reinforcement to which this film originates in the silicon 
chain of polysilane (E5) also after the UV irradiation for 30 minutes was 73% as compared with it before UV 
irradiation When the lightfastness over UV irradiation was evaluated like [ film /which consists of polysilane 
(E5) unsettled for a comparison on the other hand /rotation spreading ] the above the absorption which 
originates in a silicon chain by the exposure of ultraviolet rays disappeared mostly. Thus, the hardening film 
obtained by the condensation reaction of polysilane (E5) was excellent in lightfastness. 
[0166] Having put 10ml of Pori (phenylmethyl silylene) 0.71g methylene chloride solutions into the 200ml 
eggplant flask in the example 8 argon gas ambient atmosphere, and agitating this 0.47ml of tnfluoro 
methansulfonic acid was added, and it agitated at the room temperature for 2.5 hours. The solvent was distilled 
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off after adding the mixed solution (tertiarybutyl alcoholic 3.5ml and triethylamine 2ml) to this solution and 
agitating at a room temperature for 1.5 hours. The ether extracted the residue after solvent distilling off The 
extract was washed with water, and anhydrous sodium sulfate was added and it dried. Then, the vacuum drying 
of the solvent was distilled off and carried out. and the polysilane (E6) which has the repeat unit shown w.th the 
following chemical formula was obtained (the yield of 0.58g, weight average molecular weight 2400, 7<U of rates 
of installation of a tertiary butoxy radical). 

rn 1 671 The result of IR of the obtained polysilane and an NMR spectrum is shown below. 

[0168] IR(KBr'cm-l):630(w), 690 (m), 750 (s), 1010 (s), 1030 (s), 1180 (s), 1240 (s), 1360 (m), 1380 (w), 2960 

(s). 

[0169] 1 H-*IMR(270MHz and C6 D6): delta0.5-0.8, 0.8-1.4, 7.0-7.7. 

[0170] Moreover, the polysilane (E7) which has the repeat unit which methyl alcohol 1.5ml was used instead of 
tertiarybutyl alcohol, and also is shown with the following chemical formula like the above was obtained (the 
yield of 0.41g, weight average molecular weight 2800, 80%of rates of installation of a methoxy group). 
[0171] 

[Formula 26] 



About these polysilane, the structural change under the following conditions was evaluated from observation of 
an infrared absorption spectrum. Polysilane (E7) changed to the shape of rubber in the room temperature in one 
day after the shape of oil. This phenomenon is because vitrification took place by the bridge formation 
condensation reaction. On the other hand, vitrification did not advance, also after leaving polysilane (E6) for one 
month in a room temperature. Moreover, when 10% of the weight of oxalic acid was added to polysilane (E6) and 
it heated at 120 degrees C for 3 hours, vitrification advanced and glass bipolar membrane was formed. These 
results showed hardening promptly, when the polysilane (E6) which has a tertiary butoxy radical is excellent in 
stability as compared with the polysilane (E7) which has a methoxy group (pot life is long) and also made the 
acid catalyst once act. 

[0172] The polysilane copolymer (E8) which has two repeat units into which the tertiary butoxy radical was 
introduced by the same approach as an example 8 as shown in the following chemical formula was obtained 
except having used the copolymer of 1:1 of Pori (diphenyl silylene) and Pori (phenylmethyl silylene) as polysilane 
of an example 9 start raw material (the yield of 0.43g, weight average molecular weight 2200, 83% of rates of 
installation of a tertiary butoxy radical). 

[0173] The result of IR of the obtained polysilane and an NMR spectrum is shown below. 

[0174] lR(KBr,cm-1):635(w), 690 (m), 745 (s), 1010 (s), 1030 (s), 1180 (s), 1240 (s), 1355 (m), 1380 (w), 2960 

(s). 

[0175] 1 H-NMR (270MHz and C6 D6): deltaO.5-0.8, 0.8-1.4, 7.0-7.7. 
[0176] 

[Formula 27] 

CHs CH 3 
Hj C- C - C H j H, C-C-CH, 



H 3 C — C - C H a 
I 

CH s 

When the film was formed on the quartz substrate by the same approach as an example 6 and hardening 
processing was carried out using the obtained polysilane (E8), transparent and colorless glass bipolar membrane 
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was obtained. The surface hardness of the obtained film was 3H by the pencil degree of hardness 
Foi 773 Moreover, the other measurement results were as follows. A volume resistivity (JIS-C2151 conform.ty) 
is 3x106 It was below omega^m. The rate of haze of 300-800nm was 5%or less. According to the X 
diffraction the peak resulting from Si microcrystal was not observed. It was clear from the conversion of the 

t o Z group of the precursor polymer computed by NMR. IR. and TG that the points [ constructing a 
bridge ] on a polymer chain they are three or more places. When lightfastness was investigated on the ame 
conditions as an example 6, the absorption peak reinforcement resulting from the s.l.con cham of polys.lane (E8) 
was 87%also after the UV irradiation for 30 minutes as compared with it before UV irradiation 
Foi 7 ] E ept having used the poly germane (E9) of molecular weight 2100 who has the repeat w sh own with 
he following chemical formula instead of example 10 polysilane, by the same approach as an example 4, the 
hardening reaction by heating was performed and the glass bipolar membrane corrta.nmg ; the poly germane cham 
was produced To THF used as a solvent, this film became insoluble and was hardened. The surface hardness .s 
7h by the penc degree of hardness, and was excellent as compared with the conventional poly germane. 
0179] Moreover, the other measurement results were as follows. A volume resistivity (J S-C2151 conform.ty) 
is 3x106 It was below omega-cm. The rate of haze of 300-800nm was 5% or less. According to the X 
diffraction the peak resulting from germanium microcrystal was not observed. It was clear from he conversion 
o the functional group of the precursor polymer computed by NMR. IR. and TG that the pent s C construct.ng a 
bridge ] onTpo lymer chain they are three or more places. Moreover, when lightfastness was evaluated l.ke the 
example 6 as compared with the unsettled poly germane (E9), time amount until a comparable photolysis arises 
"twice [ about ] and the glass bipolar membrane obtained by the poly germane s (E9) hardening was excellent 



in lightfastness 
[0180] 

[Formula 28] 

O C H 2 C H 



Except having used the poly stannane (E10) of molecular weight 2000 which has the repeat unit shown with the 
following chemical formula instead of example 1 1 polysilane, by the same approach as an example 4 the 

a delg reaction by heating was performed and the glass bipolar membrane containing the poly stannane 
chain was produced. To THF used as a solvent, this film became insoluble and was hardened. The appearance 
was transparence homogeneity. The surface hardness is 1H by the pencil degree of hardness, and was excellent 

Sun ^ « a — resisti r ty 0**™ c r formity) 

is 3x106 It was below omega-cm. The rate of haze of 300-800nm was 5% or less. According to the X 
diffraction the peak resulting from Sn microcrystal was not observed. It was clear from the conversion of the 
functional group of the precursor polymer computed by NMR, IR, and TG that the point s [ constructing a 
bridge ] on a polymer chain they are three or more places. 
[0182] 

[Formula 29] 



c H 3 

instead of [ of example 12 Pori (phenylmethyl silylene) ] -URUTSU -the Pori (silane-^ermane) copolymer 
(E1 1) which has two repeat units into which the tertiary butoxy radical was introduced by the same approach as 
an am te 8 as shown in the following chemical formula was obtained except having used :1 copolymers of 
the phenylmethyl d.chlo rosilane and the dibutyl dichloro germane who compounded by law (weight average 
molecular weight 2000, 62%of rates of installation of a tertiary butoxy radical). 

miSS] The result of IR of the obtained Pori (silane-^ermane) copolymer and an NMR spectrum is shown De 'o w - 
[0184] IR (KBr cm-1 ): 680(m), 700 (m), 734 (w), 840 (w), 1000 (s), 1080 (s), 1180 (m), 1245 (m), 1355 (w), 1460 
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(m), 2850 (s), 2920 (s), 2950 (m). 

[0185-] 1 H-MMR(270MHz and C6 D6): deltaO.5-0.8, 0.5-1.0, 1.0-1.6, 7.0-7.7. 
[0186] 



[Formula 30] 




•■CHi 


C H 3 


1 

H 3 C - C - C H 3 


(C H 2 ) 3 

-f Ge -r 


O 

1 

4- Si + 


(C H 2 >3 


I 

C H 3 


C H 3 



the olace which added 10% of the weight of oxalic acid to polysilane (E6), and was heated at 120 degrees C like 
he exampTe 8 for 3 hours - vitrification - going on - transparence - uniform glass bipolar membrane was 

InrmPri Th surface hardness of this glass bipolar membrane was 1H by the pencil degree of hardness. 

8 Mor o S v hVottr mVasuJement results were as fol.ows. A volume resistivity (J.S-C2151 conformity) 
s 3x106 It was below omega-cm. The rate of haze of 300-800nm was 5% or less. According to the X 

diffraction the peak resulting from Si and germanium microcrystal was not observed. It was clear from the 

conversion 0 f the functional group of the precursor polymer computed by NMR , IR , and TG that the point s 

[ constructing a bridge ] on a polymer chain they are three or more places. 

01881 After applying the tetrahydrofuran solution of the annular polysilane shown w.th the example 1 3 fol ow.ng 
chemic^ muTa t ?2) on a glass substrate, it dried at the room temperature. Then, it heated for 10 minutes at 
^60 degrees C, and the transparent and colorless annular polysilane bridge formation film was obtained. The 
^irfarp hardness of this film was 1H by the pencil degree of hardness. 

'ft^m he other measurement results were as follows. A volume resistivity (J IS-C21 51 conformity) 

3x10 was below omega^m. The rate of haze of 300-800nm was 5% or less. According to the X 
diffraction the peak resulting from Si microcrystal was not observed. It was clear from the conversion of the 
SISmT ffoup of the precursor polymer computed by NMR, IR. and TG that the point s [ construct..* a 
bridge ] on a polymer chain they are three or more places. 
[0190] 

[Formula 31] 



-J 3 t- U 



I N O C H s 

I /C H 3 
S if 

\ / N OCHj 



H s C O CHi 



After applying the tetrahydrofuran solution of the annular polysilane shown w.th the example 14 fo lowing 
chemical formula (El 3) on a glass substrate, it dried at the room temperature. Then, , heated for 10 minutes at 
160 degrees C and the transparent and colorless annular polysilane bridge formation film was obtained. The 
surface hardness of this film was 5H by the pencil degree of hardness /hq-t^m r-nf-rmit„l 

[0191] Moreover, the other measurement results were as follows. A volume resistivity CIIS-C2151 conformity) 
is 3x106. It was below omega^m. The rate of haze of 300-800nm was 5%or less. According to the X 
diffraction, the peak resulting from Si microcrystal was not observed. It was clear from the conversion of the 
lethal group of the precursor polymer computed by NMR, IR, and TG that the point s [ construct** a 
bridge ] on a polymer chain they are three or more places. 
[0192] 



[Formula 32] 

OCH 3 OC H, 
H 3 CO-S;— S.-OCH3 (£in 
H 3 CO- S i S i - O C H 3 

O C H 3 O C H 3 
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(m),2925 (s), 2975 (s). 

[0195] 1 H-NMR(270MHz, acetone): delta=1 .1 4. 
[0196] 13 C-NMR(270MHz and CDCI3): delta=32. 
[0197] 

[Formula 33] 

t-Bu-0 O-t-Bu 
\/ 
S i 

t-BuO x / ^ /O- t -B u 

t-Buo/l' I ' X 0- t -Bu (E 1 4) 

t - B u O x I ' /O-t-Bu 

>i Si( 

t - B u O ' \ / 1 O — t — B u 
S i 

/ \ 

L - B u - O O-t-Bu 

(i-Buliteri-^f'H 

The toluene solution which dissolved this polysilane (E14) and O.lXof the weight of p-toluenesulfonic acid was 
Lated fo 3 minute Ta 120 degrees C after applying on a glass substrate, and the transparent and colorless 
annular po.ysilane bridge formation film was obtained. The surface hardness of this film was 2H by the penc.l 

SSS Mo?e a : d ver, S the other measurement results were as follows. A volume resistivity (J 15^2151 conformity) 
is 3x106 I was below omega-cm. The rate of haze of 300-800nm was 5% or less. According to the X 
l^in^eoe£ re%umg from Si microcrystal was not observed. It was clear from he conversion of the 
?un™ ^ymer computed by NMR, IR, and TG that the points [ constructing a 

Thfs^ eTamp^l IZl^rne* after applying the toluene solution which dissolved 

*e an^utar in the examp,e 16 eXamP ' e 15 ' the Po 'J ^ ITASH AR I butoxy 

hoxane) 50 weight ection of the weight average molecular weight 12000 shown with the following chem.cal 

mu and? -toluenesulfonic-acid 0.001 weight section on a glass substrate and the transparent and 
colorless polysilane bridge formation film was obtained. The surface hardness of this film was 3H by the penc.l 

[o'fK] Mo^ver'the other measurement results were as follows. A volume resistivity (J.S-C2151 conformity) 
s 3x106 I was below omega^m. The rate of haze of 300-800nm was 5%or less. According to the X 
diffraction the peak resulting from Si microcrystal was not observed. It was clear from he conversion of the 
ffiK'group of the precursor polymer computed by NMR, IR, and TG that the point « [ constructing a 
bridge ] on a polymer chain they are three or more places. 
[0200] 

[Formula 34] 
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C H 3 
I 

H 3 C - C - C 

I 

0 

I 

-f- Si- 

I 

o 

i 

K 3 C - C - < 
I 

C H ; 



After carrying out rotation spreading of the THF solution of the polysilane (E7, weight average molecular weight 
4nnn\ wh cThas a methoxy group and a methyl group as a substituent shown in example 17 example 8 on a 

a ti su st ate, the S drying was carried out at the room temperature, and the film with a thickness of 
0 8 m ic ometers was formed. The mask of a predetermined configurat.on was piled up on this film, and it 
expo d by irra di ating ultraviolet rays on condition that 0.24 J/cm2 from the low pressure mercury lamp 
throug this mask. Thus, the polysilane of the exposure section was made to photoox.d.ze and the metall.c 
tnrougn tnis ma«. ' * natterning film (example 17) was formed by carrying out hot a.r drying of 

C~lLs crossing reaction cause. When the refractive index 
w s Tea ured about the obtained patterning film, in the exposure section, it was 1.58 ,n 1.41 and the unexposed 
Section Thus the part where refractive indexes differ in one film was able to be made. 
0201] Th var oSs measurement results about the unexposed section were as foHows A volume res.stmty 
?IS-C2151 conformity) is 3x106. It was below omega-™. The rate of haze of 300-800nm was 5%or less. 
J co^din to the X diffraction, the peak resulting from Si microcrystal was not observed It was clear from the 

conv" «™P of the precurSOr P0,ymer C ° mPUted by NMR ' IR ' ^ TG S 

r rnnstructine a bridge ] on a polymer chain they are three or more places. 

0202] On e oth hand, for the comparison, after carrying out rotation spreading of the toluene solution of 
Pori (Phenyl hexyl silylene) of weight average molecular weight 200000 on a quartz substrate, the vacuum drying 
wa heated and car ed out to 80 degrees C, and the film with a thickness of 0.8 micrometers was formed. The 
ratterntng fifm (example 17 of a comparison) was formed by exposing completely like he above to this f, m. 
[0203] I Nex HghtfastSess was evaluated as it was the following about the patterning film of an example 17 and 

he example 7 of a comparison. Each patterning film and the fluorescent screen which applied the fluorescen 
materTwere piled up, and the low pressure mercury lamp of 10W has been arranged as a source o ultrav.olet 
ravs in the location distant from the patterning film 10cm. Ultraviolet rays were irrad.ated from the low pressure 
mercury lamp a The patterning film, and visible luminescence from a fluorescent screen was observed In t is 
cas i polysilane remains in the unexposed section of the patterning film, in the exposure section " raviolet 
ray w II penetrate to ultraviolet rays being absorbed. Therefore, the luminescence pattern from the fluorescent 

creen corresponding to the pattern of the patterning film can be checked visually However unless the 
polysUane of the unexposed section will receive damage by UV irradiation and will fully absorb ultrav.olet rays, 
the luminescence pattern from a fluorescent screen is no longer accepted. 

[0204? I became impossible to check a luminescence pattern after [ of an exposure ] 4 minutes about the 
patterning film of the example 1 7 of a comparison to having checked the luminescence pattern also after [ of an 
expos e 1 I hours about 'the patterning film of an example 17 as a result of this trial. This showed hat the 
patterning film of an example 17 had the lightfastness which was very excellent compared with the thing of the 

SfM^eL\! : srfaTe SO h^dness is 2B in 2H and the example 17 of a comparison in an example 17, and the 
direction of an example 17 was excellent also in respect of the degree of hardness 

[020 The patterning film of polysilane (E7) was formed like the example 17 except having set the heating 
cond t ions afte example 18 exposure as for 80 degrees C and 10 minutes. Moreover, 0.1ml of hydrochlor.c 
acids i added I to "etra-ethoxy silane 30g, ethanol 60g, and 12ml of water solut.ons, and it agitates at a room 
fe ature 1o 3 hours! and is Si02. The sol was prepared. This Si02 The above-mentioned pa tern.ng .lm 
^^ZT^ofor 10 minutes at the room temperature. Then after it took out the .pat erning film and 
pure water washed lightly, hot blast stoving was carried out for 20 minutes at 120 degrees C. When that 
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luminescence pattern was observed about this patterning film using the fluorescent screen like the example 17, 
he luminescence pattern has been checked also after [ of an exposure ] 5 hours. Moreover, when the surface 
a dnT of Z ; patterning film is measured, it is 6H by the pencil degree of hardness and it is ; S ,02. Surface 
hardness improved compared with the thing of an example 17 into which the sol is not infiltrated. 
[0207] The various measurement results about the unexposed section were as to Hows A volume resistivity 
J S-C2151 conformity) is 3x106.lt was below omega-cm. The rate of haze of 300-800nm was 5%or less. 
According to the X diffraction, the peak resulting from Si microcrystal was not observed It was clear from the 
conversion of the functional group of the precursor polymer computed by NMR. IR. and TG that the point s 

r constructing a bridge ] on a polymer chain they are three or more places. 

02083 Like example 1 9 example 17, after carrying out rotation spreading of the THF solution of polysilane (E 
on a quartz substrate, the vacuum drying was carried out at the room temperature, and the polysilane film with 
a thickness of 1 5 micrometers was formed. The mask which has the configuration of predetermined optical 
waveguide on this film is piled up, it lets this mask pass, and they are 0.24 J/cm2 from a low pressure mercury 
lamp It exposed by irradiating ultraviolet rays on conditions. Then, the patterning film was formed by carrying 
out hot air drying of this film for 30 minutes at 160 degrees C, and making crosslinking reaction cause in the 
unexposed section When the refractive index was measured about the obtained patterning film, in the exposure 
section it was 1 58 in 1 41 and the unexposed section. When the performance test as optical waveguide was 
performed about' this patterning film using the dye laser (wavelength: 560nm) excited by the 2nd higher 
harmonic of a Nd3+:YAG laser as the light source, it operated good. 

[02091 The various measurement results about the unexposed section were as follows. A volume resistivity 
OIS-C2151 conformity) is 3x106. It was below omega^m. The rate of haze of 300-BOOnm was 5%or less. 
According to the X diffraction, the peak resulting from Si microcrystal was not observed It was clear from the 
conversion of the functional group of the precursor polymer computed by NMR, IR, and TG that the points 
[constructing a bridge ]on a polymer chain they are three or more places. .. , .. 

0210] Polysilane (El) 70mg of molecular weight 420000 and tetra-ethoxy silane (TEOS) 70mg were dissolved in 
ethanol 2 5ml like example 20 example 1 . Agitating this solution at a room temperature, the mixed solution 
(0 5ml of aqueous ammonia and ethanol 5ml) was added 28% and it agitated at the room temperature for 1 2 
hours Next the solvent was removed and condensed and coating liquid was prepared until all volume was set 
to about 1ml Then, rotation spreading of this coating liquid was carried out on the quartz substrate. P atternmg 
was carried out, after air-crying the coating liquid on a substrate at the room temperature for about 1 hour and 
forming the film. When that luminescence pattern was observed about this patterning film using the fluorescent 
screen like the example 17, the luminescence pattern has been checked also after [ of an exposure ] 5 hours. 
[021 1 ] The various measurement results about the unexposed section were as follows. A volume resistivity 
(J IS— C 21 51 conformity) is 3x106. It was over omega-cm. The rate of haze of 300-800nm was 5/Jor less. 
According to the X diffraction, the peak resulting from Si microcrystal was not observed. It was clear from the 
conversion of the functional group of the precursor polymer computed by NMR, IR, and TG that the point s 
[constructing a bridge ] on a polymer chain they are three or more places. 

[0212] As shown in example 21 drawing^ , the golden electrode 81 was formed all over the glass substrate. 
Next the THF solution of the polysilane (E7) which has a methoxy group and a methyl group as a substituent 
was prepared, this solution was applied on the golden electrode 81, and the film (not shown) was formed. 
Subsequently, they are a low pressure mercury lamp to 5 J/cm2 to the area A of drawing. 8 . Ultraviolet rays 
were irradiated on conditions and the film of this field was exposed. Furthermore, it heated for 700 seconds at 
120 degrees C, and the film was made to gel. Then, vacuum deposition of the golden electrodes 82 and 82 was 
carried out to the exposure section (area A) and the unexposed section, respectively. When the electrical 
potential difference of 20V was impressed between the up-and-down golden electrode 81 -golden electrodes 82 
and resistivity was measured about this sample, at the unexposed section, it is 1x105. In omega^m and the 
exposure section, it was 1x1010 ohm-cm. 

[0213] The various measurement results about the unexposed section were as follows. A volume resistivity 
(JIS-C2151 conformity) is 3x106.lt was below omega-cm. The rate of haze of 300-800nm was 5/!or less. 
According to the X diffraction, the peak resulting from Si microcrystal was not observed. It was clear from the 
conversion of the functional group of the precursor polymer computed by NMR, IR , and TG that the point s 
[ constructing a bridge ] on a polymer chain they are three or more places. rnrMnftcito 
0214] In order to connect wiring of example 22 printed circuit board, the example which used glass composite 
material is explained with reference to draw ing 9 and drawmft.10 (a) - (d). First, the copper electrode 92 was 
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formed on the printed circuit board 91 ( drawmgj and drawjng.lQ (a)). Next, the THF solution of poly ane (E7) 
was prepared, this solution was applied all over the printed circuit board 91, and the film 93 was formed 
Z awing 10 b)). Subsequently, the mask 94 which has a predetermined pattern on the f m 9 has been 
arranged, and ultraviolet rays were irradiated from the light source 95 for exposure to .elds ot her than the field 
of a copper electrode 92 through the mask 94 ( d X avying_J_0 (c)). Furthermore, alignment of the lead 96 was 
carried out to the copper electrode 92, and the electronic parts 97 with which the lead 96 was formed on the 
Sim 93 Te e made to stick by pressure. Then, it heated for 700 seconds at 120 degrees C, and the film 93 was 
made to • Consequently, in the unexposed section, low resistance film 93' a " d ; h % e 9 xp0 ^% sect '°? h b p eC0me 
high resistance film 93." On the other hand, between lead 96 and copper electrodes 92 and between the 
electronic parts 97 of other fields and printed circuit boards 91 were mutually connected by low resistance f.lm 
93' and high resistance film 93." . , QK 

[0215] It was 3ohms when resistance of low resistance film 93' between a copper electrode 92 and the lead 96 
of electronic parts 97 (4mm of electric plane-of-composition products 2) was measured about the obtained 
printed-circuit board, moreover, the place which stripped electronic parts 97 from the printed circuit board - 
arihpsivp strength — 1kg pile/cm2 it was . 

021 The various measurement results about the unexposed section were as follow. A volume , res.st.vity 
JIS-C 151 conformity) is 3x106. It was below omega^m.The rate of haze of 300-BOOnm was 5% or less. 
According to the X diffraction, the peak resulting from Si microcrystal was not observed It was clear from the 
conversion of the functional group of the precursor polymer computed by NMR, IR, and TG that the points 
[ constructing a bridge ] on a polymer chain they are three or more places. 

In Vhis example, the^ight'emftting device shown in d_rawjng_l was produced as polysilane using the polysilane 
(E7 re-**) which has a methoxy group and a methyl group, the polysilane (E15) shown with the following 
chemical formula, or Pori (phenylmethyl silylene) (X, example of a comparison). 



[0218] 
[Formula 35] 



0 c h 3 

Si + ( E 7 ) 



2 8 0 0 ) 




-e- S i -5- 

I 

C H 3 
(#^S 4 0 0 0 ) 



•(Example 23-1) What formed the ITO electrode as a hole impregnation electrode 12 on the glass substrate 11 
was put in into the isopropyl alcohol which boiled, and ultrasonic cleaning was performed for 1 m.nute. Next, the 
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THF solution of polysilane (E7) was applied to the thickness of lOOnm on this glass substrate /ITO electrode, 
heated o 500 seconds at 120 degrees C. polysilane (E7) was made to gel, and glass bipolar membrane was 
formed in the bottom of nitrogen^as-atmosphere mind. This glass bipolar membrane functions also as a hole 
transportation layer and an electronic transportation layer while functioning as a luminous layer 13. On this 
B ass bipolar membrane, the Mg-aluminum alloy of Mgaluminum=10:l was vapor-deposi ed in thickness of 
700nm by the atomic ratio, and the electron injection electrode 14 was formed. Thus, electroluminescence 

membrane which constitutes a luminous .ayer 1 3 -KB r - when the 
infra abso p ion spectrum was measured by law, the absorption which originates m S.-O-S, association 
000- MOOcm-1 was observed. About this glass bipolar membrane, it was clear from the conversion of the 
alkoxyl group of the precursor polymer computed by NMR, IR, and TG that the point on a polymer chain 
constructing a bridge is three or more places. Moreover, when the presentation , ratio of this glass bipolar 
membrane was measured according to the secondary ion mass spectrometry, it was checked that C atom s 
Sained 5% by the atomic composition ratio. When all of four more joint hands carried out the quantum of the 
Si atom which forms Si-Si association by XPS, it turned out that such an S, atomic compos.t.on ratio is O.Uor 

[0220] : (Example 23-2 to 23-5) The EL element was produced like the example 23-1 except having changed 
the formation process of a luminous layer as follows. That is, after making polysilane £7) gel by heat-treatment 
or 500 seconds at 120 degrees C and forming glass bipolar membrane at the time of luminous layer formation, 
[hey are a low pressure mercury lamp to 10, 50,250, or 2500 mJ/cm2 further. Ultraviolet rays were irrad.ated 

FoMlT V e x X am P le re 23-6) Instead of polysilane (E7), the EL element was produced like the example 23-1 except 

mm U (Example Sll 2 a 3 n -7 ( to 1 23-9) The EL element was produced like the example 23-6 except having changed 
the formation process of a luminous layer as follows. That is, polysilane (E7) was made to gel, having set the 
heating temperature at the time of luminous layer formation as 160 degrees C, and having used heating time as 
30 300 or 3000 seconds, and glass bipolar membrane was formed. 

ro223] ■ (Example 23 of a comparison) Instead of polysilane (E7), the EL element was produced like the example 
23-1 except having used Pori (phenylmethyl silylene) (X). About each EL element produced as mentioned 
above direct current voltage was impressed so that an ITO electrode might be set to +10V, and EL property 
was evaluated. Specifically, the brightness of emission center energy (it corresponds to luminescence 
wavelength), the first stage, and 100 hours after was measured. The processing conditions and EL property of 
each example are collectively shown in the following table 1. 

[0224] The result of Table 1 is considered. First, when its attention is paid to an example 23-1 to 23-5, 
between ultraviolet-rays light exposure and emission center energy, it turns out that there is the following 
relation That is, emission center energy decreases at first with the increment in light exposure (an example 23- 
2 23-3) and increases after that (example 23-4), and EL luminescence is no longer observed after that 
(example 23-5). this phenomenon - being related - light exposure - 50 m J /cm2 up to - if it becomes, in 
connection with a degree of cross linking becoming high, the conjugative effect between a polysilane chain and 
an oxygen atom will spread, emission center energy will be reduced, but if light exposure increases further, 
effect contrary to the above can be interpreted as having arisen by advance of disassembly of a polysilane 
chain Moreover, the comparison with an example 23-6 and an example 23-1 shows that emission center energy 
falls in the copolymer of polysilane and the poly germane. Furthermore, it turns out that emission center energy 
will increase from the comparison of an example 23-7 to 23-9 if the heating time at the time of the bridge 
formation in 160 degrees C becomes long. At 160 degrees C, this is considered to be for disassembly of a 
polysilane chain to advance as heating time becomes long. 
[0225] 
[Table 1] 
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As shown t drawing 11 a), after forming an ITO electrode as a hole impregnation electrode 12 on a glass 
JubstraTe 1 patterning was carried out to the two shape of an parallel stripe This glass substrate /ITO 
electrode were put in into the isopropyl alcohol which boiled, and ultrasonic cleaning was performed for 1 
minute Next, the THF solution of polysilane (E7) was applied to the th.ckness of lOOnm on this glass 
7b rate / TO electrode. It continues, as shown in drawing,]! 0». it lets the mask of a predetermined 
on figuration pass from a low pressure mercury lamp to the field of [ B, C and D ] the four corners of the 
poly ilane film and it is .10, 50, or 2500 mJ/cm2, respectively. Ultraviolet rays were irradiated with Might 
expc ure ^(ultraviolet rays are not irradiated at the part equivalent to area A). Then, heated for 500 seconds at 
120 degrees C polysilane (E7) was made to gel, and the glass bipolar membrane used as a luminous layer 13 
was formed Furt rmore, as shown in drawmgOl (c), the Mg^luminum alloy was vapor-depos.ted in thickness 

0 0 m by the atomic ratio on glass bipolar membrane. Patterning of this was carried out to the two shape of 
an parallel stripe which intersects perpendicularly with the above^nent.oned ITO electrode and a pattern, and 
the electron injection electrode 14 was formed. Thus, the EL element was produced 

0226] The direct current voltage of 10V was impressed to each field of A-D of this EL element, and EL 
property was investigated. Consequently, by area A, red luminescence was observed in blue luminescence and 
area B in green luminescence and a C region, and luminescence was not observed in D region. Therefore, 
luminescence in each field of A-C is controllable independently simultaneous by choosing each electrode 
suitably. 

Sh^ formula in this example if needed, using the polysilane (El 6) shown with 

the following chemical formula as polysilane, the poly germane (E16 1 ), the poly stannane (E16 ), polysilane (E7, 
re-**), the poly germane (E7"), or the poly stannane (E7") It used and the light emitting device shown in draw.ng 

1 or drawing 2 was produced. 
[0228] 

[Formula 36] 
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[0229] 

[Formula 37] 

(Example 25-1) What formed the ITO electrode as a hole impregnation electrode 12 on the glass substrate 11 
was put in into the isopropyl alcohol which boiled, and ultrasonic cleaning was performed for 1 minute. Next, the 
T5f solution of polysilane (E16) was applied to the thickness of lOOnm on this glass substrate /ITO electrode, 
heated for 10 minutes at 160 degrees C, polysilane (E16) was made to gel, and glass bipolar membrane was 
formed in the bottom of nitrogens-atmosphere mind. This glass bipolar membrane functions also as a hole 

Asportation layer and an electronic transportation layer while funct.on.ng as a lummous layer 13. On this 
glass bipolar membrane, the Mg-aluminum alloy of Mgaluminum=10:1 was vapor-deposited in thickness of 
foonm by the atomic ratio, and the electron injection electrode 14 was formed. Thus, the EL element shown in 
drawing 1 was produced. 
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[0230] In addition, it was clear from the conversion of the alkoxyl group of the precursor polymer computed by 
NMR R, and TG that the point on a polymer chain constructing a bridge .s three or more places about the 
glass bipolar membrane obtained here. Moreover, when all of four joint hands earned out the quantum o the S. 
atom which forms Si-Si association by XPS, it turned out that such an Si atomic composition ratio is 0.2/ o or 

[0231] • (Example 25-2 to 25-6) Instead of polysilane (El 6), the EL element shown in drawing 1 like an example 
25-1 was produced except having used the poly germane (E16*), the poly stannane (E16 ), polysilane (E7), the 
poly germane (Ell and the poly stannane (E7"), respectively lorfrnHp oo nn th P ela« 

[0232] ■ (Example 25-7) What formed the ITO electrode as a hole impregnation electrode 22 on the glass 
substrate 21 was put in into the isopropyl alcohol which boiled, and ultrasonic cleaning was performed for 1 
minute Next, the THF solution of polysilane (E16) was applied to the thickness of lOOnm on this glass 
substrate /ITO electrode, heated for 10 minutes at 160 degrees C, polysilane (E16) was made to gel, and glass 
bipolar membrane was formed in the bottom of nitrogen^as-atmosphere mind. This glass bipolar membrane 
functions as a hole transportation layer 23.lt is Alq3 on this glass bipolar membrane. Vacuum deposition was 
carried out to the thickness of 50nm at the membrane formation rate of 0.1 nm/sec under the vacuum of 7x10- 
7torr This Alq3 A layer functions also as an electronic transportation layer while functioning as a luminous layer 
24 Furthermore, this Alq3 On the layer, the Mg^luminum alloy of Mgaluminum=10:1 was vapor-deposited in 
thickness of 700nm by the atomic ratio, and the electron injection electrode 25 was formed. Thus, the EL 
element shown in drawing 2 was produced. 

[0233] In addition,* was clear from the conversion of the alkoxyl group of the precursor polymer computed by 
NMR, IR, and TG that the point on a polymer chain constructing a bridge is three or more places about the 
glass bipolar membrane obtained here. 

T02341 • (Example 25-8 to 25-12) Instead of polysilane (E 16), the EL element shown in drawing 2 like an 
example 25-7 was produced except having used the poly germane (E 1 6 0, the poly stannane (E16 ), polysilane 
(E7), the poly germane (E7"), and the poly stannane (E7"), respectively. 

[0235] ■ (Example 25-13) What formed the ITO electrode as a hole impregnation electrode 12 on the glass 
substrate 1 1 was put in into the isopropyl alcohol which boiled, and ultrasonic cleaning was performed for 1 
minute Next apply to the thickness of lOOnm the solution which consists of Alq3 0.7wt%and dibutyl ether 
98 3wt% polysilane (E16) IwtXon this glass substrate /ITO electrode, and heat for 10 minutes at 160 degrees 
C under nitrogen-gas-atmosphere mind, polysilane (E16) is made to gel, and it is Alq3. The glass bipolar 
membrane to contain was formed. This Alq3 Mixed glass bipolar membrane functions also as a hole 
transportation layer and an electronic transportation layer while functioning as a luminous layer 13. On this 
glass bipolar membrane, the Mg-aluminum alloy of Mg -aluminum =10:1 was vapor-deposited in thickness of 
700nm by the atomic ratio, and the electron injection electrode 14 was formed. Thus, the EL element shown in 
drawing 1 was produced. 

[0236] • (Example 25-14 to 25-18) Instead of polysilane (E16), the EL element shown in drawing 1 like an 
example 25-13 was produced except having used the poly germane (El 6 1 ), the poly stannane (E16 ), polysilane 
(E7), the poly germane (E70, and the poly stannane (E7"), respectively. 

[0237] About each EL element produced as mentioned above, direct current voltage was impressed so that an 
ITO electrode might be set to +1 0V, and EL property was evaluated. Specifically, the brightness of the first 
stage and 100 hours after was measured. The configuration and EL property of each example are collectively 
shown in the following table 2. 

[0238] It is Alq3 in Table 2 to polysilane. In the EL element of the example 25-7 to 25-18 used together, it 
turns out that brightness is improving. Moreover, Alq3 It turns out that the EL element of an example 25-1 3 to 
25-18 which has mixed glass bipolar membrane is very excellent in endurance. 
[0239] 
[Table 2] 
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ST^X^^XTkX^ in this example <E,6),The poly germane (ElOXthe poly 
The polys, ane used ir i he example < p » conductor shown in drawing ? or drawing 4 was 

SI E s g he homo ' „ 7 Lhtnrone ©BAAlshown with a zinc ph.halocyanine (ZnPc) ., -toe following 
chemical formula as charge generating matter using the poly germane (E7 ) or the poly stannane (E7 ). 
[0240] 

[Formula 38] 




re ,„ni» ?fi-HThe aluminum substrate 31 was prepared. Moreover, the zinc phthalocyanine (ZnPc) 10 weight 
s c on 5ittSSS;> polyvinyrtutyral 5 weight section, and the methyl-ethyl-ketone 8 

SXKmK*» ™ Prepared. After applying this solution by the bar coating 

SiirhX^ 

NMR. IR and TG ihat the point on a polymer chain constructing a bridge is three or more places about the 
glass bipolar membrane obtained here. 
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[0242] ■ (Example 26-2 to 26-6) Instead of polysilane (El 6), the electrophotography photo c o nduc ; or t f n ° n ^ n p ,n 
draw g a like an examp.e 26-1 was produced except having used the poly germane (E 60, the poly stannane 
(El 6") polysilane (E7), the poly germane (E7"), and the poly stannane (E7 ), respectively. 
0243] • Sample 26-7) The aluminum substrate 41 was prepared. Moreover, the solution which disso ved the 
o ysi an E16) 20 weight section in the diethylether 80 weight section was prepared. After applying this 
solu ion by the bar coating machine on the above^entioned aluminum substrate 41 , heat for 15 minute^ . was 
made to gel at 160 degrees C, and the charge transportation layer 42 which consists of glass bipo ar membrane 
of 12 micrometers of thickness was formed. Moreover, the dibromo anthanthrone (DBA A) 5 weight section as 
chant riVnerrting matter, the polysilane (E16) 10 weight section, and the diethylether 85 weight section were 
m an the constituent which is made to fully distribute with a ball mill and is use for a charge generating 
Ever was prepared. After applying this constituent with a wire bar on the above-mentioned charge 
transoortat ion layer 42 heat for 10 minutes, it was made to harden at 160 degrees C and the charge generating 
layer 43 of =03 micrometers of thickness was formed. Thus, the electrophotography photo conductor shown in 

[0l4lfT 4 he W prop^wa d s evaluated as it was the following about each obtained electrophotography photo 
conductor That is after carrying out corona electrical charging of each electrophotography photo conductor by 
the sta ic method and holding it for 1 second in a dark place using an electrostatic facing paper testing device 
the duct made from the Kawaguchi e.ectrical and electric equipment, Model SP-428), ,t exposed with the 

uminance of 2 .5 luxs. In addition, applied voltage at the time of corona electrical charging was set to -5kV ,n 
the example 26-1 to 26-€, and set it to +5kV in the example 26-7. By this trial, light exposure (El/2) required 

o attenuate surface potential (V0) and the surface potential (VI) when carrying out a dark decay for 1 second 
to on hah as an electrification property was measured. Moreover, the rest potential (Vr after strong exposure 
called the illuminance of 20 luxs and a second in each electrophotography photo conductor was measured 
Furthermore, after sticking each electrophotography photo conductor on the cylinder for photoconductor drums 
of a PPC copying machine (the Toshiba make, Leodry9240) and performing the copy of 1500 sheets, rest 
potential (VO was measured with the above-mentioned electrostatic tracing paper testing device. These 
results are shown in the following table 3. 
[0245] 
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example 1 at 30 degrees C, the mixed solution (0.5ml of aqueous ammonia and ethanol 5ml) was added 30% and 
it agitated at the room temperature for 12 hours. This solution was put into the 1cmx1cmx3cm quartz glass cell, 
aft the va U um drying, it heated for 30 minutes at 120 degrees C, and glass composite material was obtained. 
[0246] It was clear from the conversion of the functional group of the precursor polymer computed by NMR, IR, 
and TG that the point on a polymer chain constructing a bridge is three or more places. M oreover, according to 
the X diffraction, the peak resulting from Si microcrystal was not observed. 

47] At east glass composite material in the obtained quartz glass cell is cons.de rec ^ as /^ ^f^-^ 
which a Dhase conjugate wave generates, and it is the 3rd higher harmon.c (wavelength of 355nm) of a Q switch 
YAG lase 500 kwTml IHrradiated in peak power, the repeat frequency of 10Hz, and 10ns of full width , at half 
maximum! anc ?the 3rd nonlinear optics constant was measured. Consequently, chi (3) =the value of 3x10-9 
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(esu) was acquired. Moreover, it also sets after 200Hiour progress and they are an absorption coefficient and 
chi (3). It decreased only 2%. Extent of this degradation was 1/40 or less as a non-linear optical material as 
compared with the case of the poly dihexyl silane. 
[0248] Example 28 (nonlinear optical element) 

The Dblvsilane (E4) which was used in the example 6 and which has a tertiary butoxy radical as a substituent 
was pressed and the film was formed. It enclosed into the desiccator with the 6-N hydrochloric-acid water 
solution which put this film into the open container, was left for two days at the room temperature and exposed 
to the hydrochloric-acid steam. Furthermore, the film was heated at 150 degrees C st.ll under the hydrochlor.c- 
acid steamy ambient atmosphere for 4 hours. When the infrared absorption spectrum of this film was measured, 
increase of absorption of the 1020cm-1 neighborhood was observed and it was checked that Si-O-Si 
association had newly arisen. On the other hand, the absorption resulting from t-butyl disappeared. Moreover, 
hardening of membraneous quality was accepted. From these things, t-butyl of polysilane (E4) decomposes by 
having heated under existence of an acid catalyst, the produced silanol group condenses mutually and it is 
thought that silicic-acid glass similar structure generated. 

[0249] It was clear from the conversion of the functional group of the precursor polymer computed by NMR, IR, 
and TG that the point on a polymer chain constructing a bridge is three or more places. Moreover, according to 
the X diffraction, the peak resulting from Si microcrystal was not observed. Moreover, at the far-infrared IR 
spectrum, absorption of Si-Si was observed and absorption resulting from S 1-0 -Si was observed by the IR 

[O^SOlTt' least obtained glass composite material is considered as the arrangement which a phase conjugate 
wave generates, and it is the 3rd higher harmonic (wavelength of 355nm) of a Q switch YAG laser 500 kW /cm 2 
It irradiated by peak power and the 3rd nonlinear optics constant was measured. Consequently, chi (3) - the 
value of 3x10-9 (esu) was acquired. Moreover, it also sets, after oscillating 20000 times, and they are an 
absorption coefficient and chi (3). It decreased only 2%. Extent of this degradation was 1/40 or less as 
compared with the case where the poly dihexyl silane is used as a non-linear optical material. 
Example 29 (nonlinear optical element) 

Glass composite material was obtained like the example 27 except having used the poly germane (E17) shown 
with the following chemical formula instead of polysilane (E1). 

[0251] It was clear from the conversion of the functional group of the precursor polymer computed by NMR, IR, 
and TG that the point on a polymer chain constructing a bridge is three or more places. Moreover, according to 
the X diffraction, the peak resulting from germanium microcrystal was not observed. 
[0252] 

[Formula 39] 



(tf^fi 3 0 0 0 ) 

At least obtained glass composite material is considered as the arrangement which a phase conjugate wave 
generates, and it is the 3rd higher harmonic (wavelength of 355nm) of a Q switch YAG laser 500 kW/cm2 It 
irradiated by peak power and the 3rd nonlinear optics constant was measured. Consequently, chi (3) - the value 
of 3x10-9 (esu) was acquired. Moreover, it also sets, after oscillating 20000 times, and they are an absorption 
coefficient and chi (3). It decreased only 25% Extent of this degradation was 1 A or less as compared with the 
case of the poly germane who has not performed bridge formation processing. 
[0253] Example 30 (nonlinear optical element) 

Glass composite material was obtained like the example 27 except having used the polysilane copolymer (E18) 
shown with the following chemical formula instead of polysilane (E1). KmD1D 
[0254] It was clear from the conversion of the functional group of the precursor polymer computed by NMR, IR, 
and TG that the point on a polymer chain constructing a bridge is three or more places. Moreover, according to 
the X diffraction, the peak resulting from Si microcrystal was not observed. 
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[0255] 

[Formula 40] 



OH 

(C H 2 )4 



(CHi )s 
C H 3 



l I 

) 5 (CHi)s (CHili 

I I 
CHj CH 3 

Ctt^S 5 0 0 0 ) 

(El 8 ) 



About the obtained glass composite material, the 2nd higher harmomc ° ri \ m ^ Z 

Tisapphire laser was irradiated on the pulse width of 100 femtoseconds (100x 10 to 15 seconds), and the 
repeat frequency of 82MHz, and the photon echo experiment was conducted. Consequently, it turned out that 
the storage time of a photon echo is 800 picoseconds (800x10-12 second). 

^T^ofJZ^Z^^ (ED 80mg and tetra-ethoxy silane (TEOS) 80mg) at 30 degrees 
C the mixed solution (0.5ml of aqueous ammonia and ethanol 5ml) was added 30% and it agitated I at he room 
temoerature for 12 hours. After condensing this solution, rotation spreading was carried out on the glass 
substrate. After drying this, it heated for 40 minutes, and gelled at 100 degrees C, and the transparent and 

ro°257] It was clearTom the conversion of the functional group of the precursor polymer computed by NMR, IR, 
and TG that the point on a polymer chain constructing a bridge is three or more places. M oreover, according to 
the X diffraction, the peak resulting from Si microcrystal was not observed 

rn258] The waveguide mold optical switching element of a configuration as shows this film to drawing 5 by 
etching it in a fluoric acid water solution 4% using a resist as a mask was produced. In addition, width of face of 
waveguide was set to 100 micrometers. , „ . ■ 

[0259] The photodiode was installed in the outside of waveguide 57, and the following experiments were 
conducted, acting as the monitor of the output from waveguide 57. First, it is the 3rd higher harmonic 
(wavelength of 355nm) of waveguide 53 to a Q switch YAG laser 500 kW/cm2 When incidence was carried out 
by peak power, the output from waveguide 57 was not able to be observed. Next, it is the 3rd higher harmonic 
(wavelength of 355nm) of a Q switch YAG laser to the coincidence from waveguide 53 and waveguide 54 
respectively 500 kW/cm2 Since diffraction arose in the 3rd nonlinear-phenomenon generating section 52 when 
incidence was carried out by peak power, the diffracted light was able to be observed from waveguide 57. 
[0260] Example 32 (laser component) ,-.--.-v-n . ■ »• 

Agitating 80mg (E19) of polysilane copolymers and 3.3ml of tetra-ethoxy silane (TEOS) 80mg ethanol solutions 
shown with the following chemical formula at 30 degrees C, the mixed solution (0.5ml of aqueous ammonia and 
ethanol 5ml) was added 30% and it agitated at the room temperature for 12 hours. This solution was put into 
the 1cmx1cmx3cm quartz glass cell, the vacuum drying removed the solvent, and glass composite materia was 
obtained For the absorption peak wavelength of this glass composite material, 331 nm and full width at half 
maximum were [ 373nm and the full width at half maximum of about lOOnm and an emission peak wavelength J 

[026lYltwas clear from the conversion of the functional group of the precursor polymer computed by NMR, IR, 
and TG that the point on a polymer chain constructing a bridge is three or more places. Moreover, according to 
the X diffraction, the peak resulting from Si microcrystal was not observed. 
[0262] 

[Formula 41 ] 
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As shown in drawing 12 , this was installed into the resonator which consists of a mirror 72 (lOOXof reflect on 
factors) and a mirTor T3 (40% of reflection factors), using the glass composite material m the obtained quartz 
Z cell a la er medium 71, and one pair of electrodes (not shown) were prepared so that i : might intersect 
perpend i u arly with these mirrors 72 and 73. The 4th higher harmonic (wavelength of 266nm) of e i Q i switch 
Nd3+YAG laser was condensed to this laser medium 71 by the cylindrical lens 76 and it was irradiated. The 
peak powe of hTs excitation laser light was [ 5kHz and the pulse width of 1 kW/cm2 and a repeat frequency ] 
200ns Consequently, laser oscillation with a wavelength of 358nm was observed. Laser oscillation was checked 
from the directivity of light, and the nonlinear relation between excitation reinforcement and oscillation 
re nforcem en . the peak power of oscillation laser light -5 W/cm2 it was . Moreover, also after oscillating 
20000 times, peak power deteriorated only 5% Extent of this degradation was 1/18 or less as compared w.th 
the case where the poly dihexyl silane is used as a laser medium. 

0263] Next, small laser as is the following and shown in drawingj_3 was produced. First the above-mentioned 
quartz cell was broken and the gold used as the mirrors 72 and 73 which take out the glass composite material 
which is a laser medium, and constitute a resonator on two front faces which counter, respectively was vapor- 
deoosi ed At this time, 95% the reflection factor of one mirror 72 adjusted so that the reflection factor of the 
mirror 73 of another side might become 60% One pair of electrodes (not shown) were prepared to this laser 
medium with a mirror, and packaging was carried out with the 1200W high-pressure xenon lamp 77 as the 
excitation light source, prism 78, the spatial filter 79, and the cylindrical lens 76. By carrying out the spectrum 
of the light from the light source with prism 78 and a spatial filter 79, such optical system has been , arranged so 
that excitation light with a peak wavelength of 250nm which cut light with a wavelength of 350nm may be 
irradiated at the laser medium 71. Moreover, the magnitude of this package was 20cmx8cmx5cm. The 
wavelength of 358nm and power 30mW laser light were able to be obtained by such small laser. 
[0264] Example 33 (laser component) 

The polysilane (E4) which was used in the example 6 and which has a tertiary butoxy radical as a substituent 
was pressed, and the film was formed. It enclosed into the desiccator with the 6-N hydrochloric-ac.d water 
solution which put this film into the open container, was left for two days at the room temperature and exposed 
to the hydrochloric-acid steam. Furthermore, the film was heated at 150 degrees C still under the hydrochlor.c- 
acid steamy ambient atmosphere for 4 hours. When the infrared absorption spectrum of th.s film was measured, 
increase of absorption of the 1020cm-1 neighborhood was observed and it was checked that Si-O-Si 
association had newly arisen. On the other hand, the absorption resulting from M>utyl d.sappeared. Moreover, 
hardening of membraneous quality was accepted. From these things, t-butyl of polysilane (E4) decomposes by 
having heated under existence of an acid catalyst, the produced silanol group condenses mutually and . is 
thought that silicic-acid glass similar structure generated. For the absorption peak wavelength of this glass 
composite material, near 31 5nm and full width at half maximum were [ near 360nm and the full width at half 
maximum of about 100nm and an emission peak wavelength ] about 40nm. 

T0265] It was clear from the conversion of the functional group of the precursor polymer computed by NMR, IR, 
and TG that the point on a polymer chain constructing a bridge is three or more places Moreover, according to 
the X diffraction, the peak resulting from Si microcrystal was not observed. Moreover, at the far-infrared IR 
spectrum, absorption of Si-Si was observed and absorption resulting from Si-O-Si was observed by the IR 

[O^H Laser oscillation was tried by the arrangement shown in drawing 12 using the obtained glass composite 
material as a laser medium. As an excitation light, the 4th higher harmonic (wavelength of 266nm) of T.sapphire 
Sser was used. The peak power of excitation light was [ 50kW /of 80MHz and pulse width of 2 and a repeat 
frequency /cm ] 100fsec(s). Laser oscillation was checked from the directivity of light, and the nonl.near 
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relation between excitation reinforcement and oscillation reinforcement, the peak power of escalation laser hght 
- 100 W/cm2 it was Moreover, also after oscillating for 20 hours, peak power deteriorated only 7%. Extent of 
this degradation was 1/12 or less as compared with the case where the poly dihexyl silane is used as a laser 
medium. 

I"0267] Example 34 (laser component) 

Glass composite materia, was prepared like the example 32 using the poly germane (E20) shown wrth the 
following chemical formula. For the absorption peak wavelength of this glass composite material, 334nm and full 
Sdth at half maximum were [ 375nm and the full width at half maximum of about 90nm and an em.ss.on peak 

FoVeB] ifwal dw froTthe conversion of the functional group of the precursor polymer computed by NMR, IR, 
and TG that the point on a polymer chain constructing a bridge is three or more places. Moreover, according to 
the X diffraction, the peak resulting from germanium microcrystal was not observed. 

[02691 Laser oscillation was tried by the arrangement shown in drawing. 12 , using th.s glass composite material 
as a laser medium. If considered as excitation light, the 3rd higher harmonic (wavelength of 355nm) of a 
Nd3+-YAG laser was used. The peak power of excitation light was [ 5kW /of 5kHz and pulse width of 2 and a 
repeat frequency /cm ] 200ns. the peak power of oscillation laser light - 30 W/cm2 it was . Moreover, also 
after oscillating 20000 times, peak power deteriorated only 15% Extent of this degradation was 1/6 or less as 
compared with the case where the poly germane non^onstructed a bridge is used as a laser medium. 
[0270] 

[Formula 42] 

OH OH 

i I fo 

( C H 2 ) 4 C C H ? ) 6 



-f Ge-^ eGe-^ ( G e rjr 

I I 1 

C C H 2 )s C C H 2 ) 5 <CH 2 )s 

I I I 

C H 3 C H 3 CH 3 

( 2 >m > > n ) 

C^S 8 0 0 0 ) 

Example 35 (laser component) . 
The vacuum drying of the toluene solution of a polysilane copolymer (E19) was put in and earned out to the 
1cmx1cmx5cm quartz glass cell. This quartz glass cell was put in into the desiccator 37%with formalin aqueous 
solution and 6 convention hydrochloric-acid water solution, and was left for two weeks. Then, the vacuum 
drying was carried out again for 24 hours, and polysilane was made to construct a bridge. Subsequently, after 
agitating tetra^thoxy silane 1 g, ethanol 1 .5g, 2g of water, and the mixed solution of 0.1 g of hydrochloric acids 
at a room temperature for 1.5 hours, it was immersed in the immersion fluid which added and agitated 3g L of 
water ], and acetonitrile 0.5g for 10 minutes. After immersion, it rinsed lightly and stoving was carried out for 40 
minutes at 100 degrees C. ' 
[0271] It was clear from the conversion of the functional group of the precursor polymer computed by NMR, IR, 
and TG that the point on a polymer chain constructing a bridge is three or more places. Moreover, according to 
the X diffraction, the peak resulting from Si microcrystal was not observed. 

[0272] Laser oscillation was tried by the arrangement shown in drawing 12 , using this glass composite material 
as a laser medium. If considered as excitation light, the 4th higher harmonic (wavelength of 266nm) of a 
Nd3+-YAG laser was used. The peak power of excitation light was [ IkW /of 5kHz and pulse width of 2 and a 
repeat frequency / cm ] 200ns. Consequently, laser oscillation with a wavelength of 358nm was observed. Laser 
oscillation was checked from the directivity of light, and the nonlinear relation between excitat.on reinforcement 
and oscillation reinforcement, the peak power of oscillation laser light - 5 W/cm2 it was Moreover, also after 
oscillating 20000 times, peak power deteriorated only 40% Extent of this degradation was 1 A or less as 
compared with the case where the poly dihexyl silane is used as a laser medium 

[0273] The KB r substrate was put on the sample base of an example 36 plasma-CVD fission reactor, and 
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substrate temperature was held at -100 degrees C. In this fission reactor, th e hydro ge n c o n taJn in g 2 % o f 

™ JZ of thi! thin film was measured, absorption resulting from Si-Si association was observed by about 
[ 2160cm -1 two, and it has checked that this thin film was polysilane. „„„,„„« ,./„, 

02741 After forming the polysilane film on a KBr substrate like the above, the argon gas which contain ; Uof 
oxygen a over a fission reactor as it is was heated at a sink and 60 mere degrees C for 30 m,n tet. When i the 
IR spectrum was measured, absorption resulting from Si-O-Si association was observed by about [ 1100cm ] 
two It ha checked that the polysilane composite material which carried out oxygen bridge formation was 
I V „ „ kr, ,„hrtr a te from this The surface hardness of this glass bipolar membrane was 1H by the pencil 
Set o 'hardies ^ MoreoverCother measurement results were as follows. A volume resistivity (JIS-C2 51 
degree of n " an *"- "? r " ', ornega -c m The rate of haze of 300-800nm was 5% or less. According to the 
'X^X^^If^c^M was not observed. It was clear from the conversion o, the 
Lctional group of the precursor polymer computed by NMR, IR, and TG that the point s [ constructing a 
hridee 1 on a Dolymer chain they are three or more places. . 
r0275l Next on the quartz substrate, by the same approach as the above, it earned out by having repeated 
o ma ion of p ysi an thin film with a thickness [ by plasma CVD ] of 0.1 micrometers, the hydroxylat.on by 
xyg n 1 n nd bridge formation by heating, and, finally the thin film of polys.lane composite matenal 
Jl a th eknes of 2 micrometers was formed. About this polysilane composite matenal, the peak was observed 
r360nmt "the absorption spectrum, and the peak was observed by 370nm with the em,.«.on spectrum. 
Moreover the luminous efficiency in a room temperature was sufficiently as high as 19%. 

[0°27 e 6] Wher Ithe^tfLtness o/this po.ysi.ane composite matenal -s evaluated the amoun o --scence 
after irradiating the third harmonic (with an average power density of 1W [/cm J 2 .and 1kHz of repeats and 
Peak power 3.3kHz, 300ns of full width at half maximum) of a 355nm Q switch YAG laser for 5 hours only fell 3%. 

T0277] The integrated circuit which has a light emitting device as shown in example 37 drawing 14 , and a 
transi stor wa produced. This component has the structure which connected the d, ffus.on layer of an MOS 
transistor which serves as an electrode, respectively to the both ends of the polys.lane composite matenal 

FoTtS] 1 Fir^thr^.d Hd'ai- the light-emitting part of the p-type silicon substrate 101 is etched alternatively, 
and a trench is formed. The aluminum layer 102 which functions on the pars bas.lans ossis occ.pi ahs of th. 
rench as a mirror is formed by sputtering. An oxide film 103 is deposited on this aluminum .layer 02 O n ttns 
oxide film 103 formation of the polysilane thin film by the same approach as an example 36, i.e plasma CVD, 
M^tontyww dilution gas, and bridge formation by heating are performed an the polysilane bipolar 
membrane 104 with a thickness of 500nm it is thin to a luminous layer which earned out oxygen br.dge 

[ O 0279 a ] iO Next Afield in which one electrode is formed is etched alternatively, a trench is formed, and an oxide 
f m 103 is deposited on the pars basilaris ossis occipitalis. It anneals and sing.e^rystaHzes after depos, ,ng 
polish recon in a trench. To this polish recon, the ion implantation of the arsenic is earned out it , annealed 
single crystaHzation is advanced further, and it is n+. The mold diffusion layer 105 is formed. S.m.larly the field 
which the electrode of another side is formed is etched alternatively, a trench is formed and an oxide film 
03 i deposit ion the pars basilaris ossis occipitalis. It anneals and single-crystaHzes, after deposing polish 
econ in t inch To this polish recon, the ion implantation of the boron is carried out, it is annealed single 
crystaHzatLn is advanced further, and it is p+. The mold diffusion layer 106 is formed. These two electrodes 
are formed in being un-parallel so that a resonator may not be formed. 

[0280 Furtherm re, n mold well field 107 and n+ The mold diffusion layer 108 and p+ Sequential formation of 
the mold diffusion layer 109,gate dielectric film 110, and the gate electrodes 111 and 112 was earned out, and 

{^Tt^ t«m.d ON and it is „ + , respectively. They are + 12V and p+ to the mold 

diffusionTayer 105. The electrical potential difference of -12V was impressed to the mold diffusion layer 106. 
Cnnspmientlv 370nm luminescence arose from the light emitting device. 

[0282] 5ml I of trio methansulfonic acid was added to 20ml of Pori (phenyl hexyl s.lylene) (weight average 
Lolecular weight Mw =l million) 1g methylene chloride solutions in the example 38 argon amb.ent atmosphere, 
and ^ i? agitated at the room temperature for 1 hour. The mixed solution (ethanol 5ml and tnethy.amine 1 .5ml) 
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was added to this solution, and it agitated at the room temperature further for 1 hour. Then, the vacuum drying 
of the solvent was removed and carried out for 30 minutes. After dissolving residue in diethylether and rinsing 
this ether solution, it dried with anhydrous sodium sulfate. Then, the vacuum drying of the solvent was removed 
and carried out, and the polysilane (phenyl group: ethoxy radical =2S) which has the repeat unit expressed with 
a chemical formula (E2) as stated above was obtained as light yellow oil (the yield of 0.5g, weight-average- 
molecular-weight Mw=4000). 

[0283] The polysilane (phenyl group: methoxy group =2 8) which has the repeat unit expressed with a chemical 
formula (E7) as stated above with the same synthesis method as the above was obtained as light yellow oil 
except having used the methanol instead of ethanol, using Pori (phenylmethyl silylene) (weight-average- 
molecular-weight Mw=20000) as polysilane (the yield of 0.4g, weight-average-^nolecular-weight Mw=2700) 
[0284] Subsequently, after mixing 10ml of aniline resin (AR)0.3g N-methyl pyrrolidine (NMP) solutions which 
have the repeat unit shown with the following chemical formula, and 10ml of polysilane (E2) 1g NMP solutions 
compounded by the above and agitating quickly at a room temperature, it applied on the substrate, the vacuum 
drying was carried out, and the solvent was removed, furthermore, the bottom of an argon air current — setting 
— 1 20 degrees C — 1 -bour stoving — carrying out — yellow — the transparent film was formed. 
[0285] 

[Formula 43] 

V ^& 

When the visible ultraviolet absorption spectrum of the obtained film was measured, absorption resulting from a 
polysilane principal chain was observed near 320nm. When the infrared absorption spectrum of this film was 
measured, absorption resulting from nitrogen-silicon association and siloxane association was observed by the 
900-1 100cm-1 neighborhood. Existence of nitrogen-silicon association was checked from 29Si solid-state NMR 
measurement of this film. As for the obtained film, these results showed that Si principal chains of polysilane 
were the aniline resin which is an organic matrix through a nitrogen atom, and the polysilane complex film which 
constructed the bridge. v 

[0286] When the pencil scratch test (JIS-K5400 conformity) estimated the degree of hardness of this film, it 
was a degree of hardness B. Moreover, the other measurement results were as follows. A volume resistivity 
(J IS— C21 51 conformity) is 3x106. It was below omega-xm. The rate of haze of 300-800nm was 5%or less. 
According to the X diffraction, the peak resulting from Si microcrystal was not observed. It was clear from the 
conversion of the functional group of the precursor polymer computed by NMR, IR, and TG that the points 
[ constructing a bridge ] on a polymer chain they are three or more places. 

[0287] Furthermore, in order to evaluate the lightfastness of this film, ultraviolet rays with a wavelength of 
320nm were irradiated by having made the low pressure mercury lamp into the light source, and the time 
amount (half-life) from which that absorbed amount becomes half was measured. Measurement with the same 
said of Pori (phenyl hexyl silylene) of weight-average-iriolecular-i/veight Mw=10000 which are general polysilane 
for a comparison was performed. Consequently, the half-life of the film obtained by this example is 10 or more 
times of that of Pori (phenyl hexyl silylene), and it turned out that this polysilane complex film is excellent in 
lightfastness. Furthermore, instead of polysilane (E2), also when polysilane (E7) was used, the same result was 

[0288] the NMP solution of example 39 aniline resin (AR), and the NMP solution of polysilane (E2) — in addition, 
the polysilane complex film was produced like the example 38 except having mixed the aluminum isopropoxide 
0.1 g NMP solution further. 

[0289] When the visible ultraviolet absorption spectrum of the obtained film was measured, absorption resulting 
from a polysilane principal chain was observed near 320nm. When the infrared absorption spectrum of this film 
was measured, absorption resulting from nitrogen-silicon association and siloxane association was observed by 
the 900-1 100cm-1 neighborhood. Existence of nitrogen-silicon association was checked from 29Si solid-state 
NMR measurement of this film. As for the obtained film, these results showed that Si principal chains of 
polysilane were the aniline resin which is an organic matrix through a nitrogen atom, and the polysilane complex 
film which constructed the bridge. . , . ... ., 

[0290] When the pencil scratch test (J IS-K5400 conformity) estimated the degree of hardness of this film, it 
was a degree of hardness H. Thus, it is the effectiveness by addition of the aluminum isopropoxide which is a 



http://www4 .ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2004/12/20 



54/57 ^—i> 



metal aikoxide that the degree of hardness is improving rather than the film of an example 38. In addition, such 
effectiveness was similarly accepted, when titanium isopropoxide or indium isopropoxide was used. Moreover, 
the other measurement results were as follows. A volume resistivity (JIS-C2151 conformity) is 3x106. It was 
below omega^m. The rate of haze of 300-800nm was 5%or less. According to the X diffraction, the peak 
resulting from Si microcrystal was not observed. It was clear from the conversion of the functional group of the 
precursor polymer computed by NMR, IR, and TG that the point's [ constructing a bridge ] on a polymer chain 
they are three or more places. 

[0291] Moreover, in order to evaluate the lightfastness of this film, ultraviolet rays with a wavelength of 320nm 
were irradiated by having made the low pressure mercury lamp into the light source, and the time amount (half- 
life) from which that absorbed amount becomes half was measured. Consequently, the half-life of the film 
obtained by this example is 10 or more times of that of Pori (phenyl hexyl silylene), and it turned out that this 
polysilane complex film is excellent in lightfastness. 

[0292] Furthermore, instead of polysilane (E2), also when polysilane (E7) was used, the same result was 
obtained. , , , ... /n . , 

[0293] The polysilane complex film was produced like the example 38 except having used the poly aniline (PAn) 
of weight-average-molecular-^veight Mw=12000 which have the repeat unit shown with the following chemical 
formula instead of example 40 aniline resin (AR). 
[0294] 

[Formula 44] 

When the visible ultraviolet absorption spectrum of the obtained film was measured, absorption resulting from a 
polysilane principal chain was observed near 320nm. When the infrared absorption spectrum of this film was 
measured, absorption resulting from nitrogen-silicon association and siloxane association was observed by the 
900-1 100cm-1 neighborhood. Existence of nitrogen-silicon association was checked from 29Si solid-state NMR 
measurement of this film. As for the obtained film, these results showed that Si principal chains of polysilane 
were the poly aniline which is an organic matrix through a nitrogen atom, and the polysilane complex film which 
constructed the bridge. 

[0295] When the pencil scratch test (J IS-K5400 conformity) estimated the degree of hardness of this film, it 
was a degree of hardness B. Moreover, the other measurement results were as follows. A volume resistivity 
(J I S — C 2 1 5 1 conformity) is 3x106. It was below omega-cm. The rate of haze of 300-800nm was 5%or less. 
According to the X diffraction, the peak resulting from Si microcrystal was not observed. It was clear from the 
conversion of the functional group of the precursor polymer computed by NMR, IR, and TG that the point's 
[ constructing a bridge ] on a polymer chain they are three or more places. 

[0296] Moreover, in order to evaluate the lightfastness of this film, ultraviolet rays with a wavelength of 320nm 
were irradiated by having made the low pressure mercury lamp into the light source, and the time amount (half- 
life) from which that absorbed amount becomes half was measured. Consequently, the half-life of the film 
obtained by this example is 10 or more times of that of Pori (phenyl hexyl silylene), and it turned out that this 
polysilane complex film is excellent in lightfastness. 

[0297] Furthermore, instead of polysilane (E2), also when polysilane (E7) was used, the same result was 
obtained. 

[0298] the NMP solution of an example 41 poly aniline (PAn), and the NMP solution of polysilane (E2) — in 
addition, the complex film was produced like the example 40 except having mixed the aluminum isopropoxide 
0.1 g NMP solution further. 

[0299] When the visible ultraviolet absorption spectrum of the obtained film was measured, absorption resulting 
from a polysilane principal chain was observed near 320nm. When the infrared absorption spectrum of this film 
was measured, absorption resulting from nitrogen-silicon association and siloxane association was observed by 
the 900-1 100cm-1 neighborhood. Existence of nitrogen-silicon association was checked from 29Si solid-state 
NMR measurement of this film. As for the obtained film, these results showed that Si principal chains of 
polysilane were the poly aniline which is an organic matrix through a nitrogen atom, and the polysilane complex 
film which constructed the bridge. 

[0300] When the pencil scratch test (J IS-K5400 conformity) estimated the degree of hardness of this film, it 
was a degree of hardness H. Thus, it is the effectiveness by addition of the aluminum isopropoxide which is a 
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metal alkoxide that the degree of hardness is improving rather than the film of an example 40. In addition, such 
effectiveness was similarly accepted, when titanium isopropoxide or indium isopropoxide was used. Moreover, 
the other measurement results were as follows. A volume resistivity (J I S — C 2151 conformity) is 3x106. It was 
below omega-cm. The rate of haze of 300-800nm was 5% or less. According to the X diffraction, the peak 
resulting from Si microcrystal was not observed. It was clear from the conversion of the functional group of the 
precursor polymer computed by NMR, IR, and TG that the points [ constructing a bridge ] on a polymer chain 
they are three or more places. 

[0301] Moreover, in order to evaluate the lightfastness of this film, ultraviolet rays with a wavelength of 320nm 
were irradiated by having made the low pressure mercury lamp into the light source, and the time amount (half- 
life) from which that absorbed amount becomes half was measured. Consequently, the half-life of the film 
obtained by this example is 10 or more times of that of Pori (phenyl hexyl silylene), and it turned out that this 
polysilane complex film is excellent in lightfastness. 

[0302] Furthermore, instead of polysilane (E2), also when polysilane (E7) was used, the same result was 
obtained. 

[0303] The polysilane complex film was produced like the example 38 except having used the polypyrrole (PPr) 
of weight-average-molecular^weight Mw=2000 which have the repeat unit shown with the following chemical 
formula instead of example 42 aniline resin (AR). 
[0304] 

[Formula 45] 



When the visible ultraviolet absorption spectrum of the obtained film was measured, absorption resulting from a 
polysilane principal chain was observed near 320nm. When the infrared absorption spectrum of this film was 
measured, absorption resulting from nitrogen -silicon association and siloxane association was observed by the 
900-1 1 00cm-1 neighborhood. Existence of nitrogen-silicon association was checked from 2 9 S i solid-state NMR 
measurement of this film. As for the obtained film, these results showed that Si principal chains of polysilane 
were the polypyrrole which is an organic matrix through a nitrogen atom, and the polysilane complex film which 
constructed the bridge. 

[0305] When the pencil scratch test (J IS-K5400 conformity) estimated the degree of hardness of this film, it 
was a degree of hardness B . Moreover, the other measurement results were as follows. A volume resistivity 
(J I S — C 2151 conformity) is 3x106. It was below omega-cm. The rate of haze of 300-800nm was 5%or less. 
According to the X diffraction, the peak resulting from Si microcrystal was not observed. It was clear from the 
conversion of the functional group of the precursor polymer computed by NMR, IR, and TG that the point's 
[ constructing a bridge ] on a polymer chain they are three or more places. 

[0306] Moreover, in order to evaluate the lightfastness of this film, ultraviolet rays with a wavelength of 320nm 
were irradiated by having made the low pressure mercury lamp into the light source, and the time amount (half- 
life) from which that absorbed amount becomes half was measured. Consequently, the half-life of the film 
obtained by this example is 10 or more times of that of Pori (phenyl hexyl silylene), and it turned out that this 
polysilane complex film is excellent in lightfastness. 

[0307] Furthermore, instead of polysilane (E2), also when polysilane (E7) was used, the same result was 
obtained. 

[0308] The polysilane complex film was produced like the example 38 using what used as the NMP solution the 
polysilazane sol compounded by the approach of W.S.Coblenz and others as stated above instead of the NMP 
solution of example 43 aniline resin (AR) by the solvent permutation except having made heating conditions into 
150 degrees C and 2 hours. 

[0309] When the visible ultraviolet absorption spectrum of the obtained film was measured, absorption resulting 
from a polysilane principal chain was observed near 320nm. When the infrared absorption spectrum of this film 
was measured, absorption resulting from nitrogen-silicon association and siloxane association was observed by 
the 900-1 100cm-1 neighborhood. Existence of nitrogen-silicon association was checked from 29Si solid-state 
NMR measurement of this film. As for the obtained film, these results showed that Si principal chains of 
polysilane were the polysilazane gel or the silicon nitride which is an inorganic matrix through a nitrogen atom, 
and the polysilane complex film which constructed the bridge. 
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omegas. The rate ef haze of 300-eOOnm was 5%or h., 
r ^. , *h« v Hiffrartinn the neak resulting from Si microcrystal was not observed.lt was clear from the 
S'il^SS!; Sr t he r orecu n rso r r 0 po,ymer computed by NMR, IR, and TG that the points 
r rnnstrurtine a bridge ] on a polymer chain they are three or more places. .„„ 
031 1 ] M over n order to evaluate the lightfastness of this film, ultraviolet rays w.th a wavelength o 320nm 
were rra d ated by having made the low pressure mercury .amp into the light source and he time amount (half- 
fife f om which that absorbed amount becomes half was measured. Consequently the half-life of the film 
obta^ed by this example is 10 or more times of that of Pori (phenyl hexyl silylene), and ,t turned out that «... 

P D»^ when po,si,ane (E7) was used, the same result was 

msisTDesiccation ammonia 1g was blown at the temperature of a dry ice-ethanol bath among the example 44 
rg on amb nt atmosphere, agitating 100ml of po.ysilane (E2) Ig diethylether solut.ons^ After ag.tatmg for 30 

+ I aUin^Nrnlus eas to the room temperature, the temperature up was carried out and it agitated for 30 
m'inu \Ts TheMhe^ was removed and carried out. Residue was applied to the 

^ubs rate and stoving was carried out at 120 degrees C to the bottom of an argon a.r current for 2 hours. 
0 Wh th e visible ultraviolet absorption spectrum of the obtained film was measured, absorpt.on resu mg 
from a Dolysilane principal chain was observed near 330nm. When the infrared absorption spectrum of this film 
wL measured absorption resulting from nitrogen-silicon association and siloxane assocat.on was observed by 
Z 900 1 100cm- S Zorhood. Existence of nitrogen^ilicon association was checked from 29S. solid-state 
NMR mea urement o this film. These results showed that the obtained film was polysilane complex film w.th 
which s! pSal chains of polysilane constructed the bridge mutually through the nitrogen atom 
m ?51 W the pencil scratch test (JIS-K5400 conformity) estimated the degree of hardness of this film it 
was degr hardness 5H. Moreover, the other measurement results were as follows A volume : resistivity 
msiflSllonfo mity) is 3x106. It was below omega^m. The rate of haze of 300-800nm was 5%or less. 
A co^d n to the X d fraction, the peak resulting from Si microcrystal was not observed It was clear from the 
conversion of the functional group of the precursor polymer computed by NMR , IR, and TG that the point s 
r constructing a bridge ] on a polymer chain they are three or more places. 

03161 Moreover n order to evaluate the lightfastness of this film, ultraviolet rays with a wavelength of 320nm 
were irradiated "by having made the low pressure mercury lamp into the light source, and he time amount Chalf- 
Tfe f om ^ ch that absorbed amount becomes half was measured. Consequently the halH.fe of the film 
obtained by th is example is 10 or more times of that of Pori (phenyl hexyl silylene), and it turned out that this 

$K conformity) of this film is 6x105. It was below omega^m. 

8 Furt he V r e m;re, instead of po.ysilane (E2), even if it used polysilane (El), the same result was obtained. 
0319 In the example 45 argon ambient atmosphere, 50ml of butylamine 0.5g THF solutions was added, agitating 
50ml of poiysifane (E2) Ig tetrahydrofuran (THF) solutions. After agitating quickly, the reaction solution was 
applied I to The substrate and under the argon air current, after leaving it for 30 minutes at a room temperature, 
stoving was carried out at 120 degrees C for 2 hours. 

S I When the visible ultraviolet absorption spectrum of the obtained film was measured, absorption re ul ing 
from a polysilane principal chain was observed near 330nm. When the infrared absorption spectrum of this film 
ias measured, absorption resulting from nitrogen-silicon association and siloxane association was observed by 
The 900-1 100cm-1 neighborhood. Existence of nitrogen^ilicon assocat.on was checked from 29S, solid-state 
NMR mea urement of this film. These results showed that the obtained film was polys.lane complex film w.th 
which s' principal chains of polysilane constructed the bridge mutually through the nitrogen atom 
tm] Whe th "pencil scratch test (JIS-K5400 conformity) estimated the degree of hardness of this film it 
was degr hardness 4H. Moreover, the other measurement results were as follows A volume resistivity 
OIS-C2 Sllonfo mity) is 3x106. It was below omega-cm. The rate of haze of 300-800nm was 5%or less. 
A ccordin to th X diffraction, the peak resulting from Si microcrystal was not observed It was clear from the 
conve?sion of the functional group of the precursor polymer computed by NMR, IR, and TG that the point s 
r rnnstmctins a bridge ] on a polymer chain they are three or more places. 

0322] Moreo 8 ver [ n order to evaluate the lightfastness of this film, ultraviolet rays with a wavelength of 320nm 
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were irradiated by having made the low pressure mercury lamp into the l.ght source and he time amount (half 
Zu Z which that absorbed amount becomes half was measured. Consequently the halH.fe of the film 
obtained by this example is 10 or more times of that of Pori (phenyl hexyl silylene), and ,t turned out that th.s 

conformity) of this film is 6x105. It was below omega-cm. 
0 4 Furtherm re, instead of polysilane (E2), even if it used polysilane (E7) the sam * re * ul ^^ 
03 25 The polysilane complex film was obtained like the example 45 except having used the OKUTA methoxy 

racyI.o s .ane shown instead of example 46 polysi.ane (E 2) with a chemical formula E as si ate above 
03261 Existence of silicon^ilicon association and nitrogen^ilicon association was checked from 29Si solid 
tat NMR mSLurement of this film. This result showed that the obtained film was polysilane complex film with 
which Si principal chains of polysi.ane constructed the bridge mutually through the nitrogen atom 
r0327l When the pencil scratch test (JIS-K5400 conformity) estimated the degree of hardness of this film it 
was degr eeVf^ardness 4H. Moreover, the other measurement results were as follows. A volume res.stiv.ty 
0ISHC2 Sllonformity) is 3x106.lt was below omega-cm. The rate of haze of 300-800nm was 5% or less. 
According to the X diffraction, the peak resulting from Si microcrystal was not observed It was clear from the 
conve?sion of the functional group of the precursor polymer computed by NMR, IR, and TG that the point s 
r constructing a bridge ] on a polymer chain they are three or more places. 

03281 The poly germane complex film was obtained like the example 45 except having used the poly germane 
of weiUtAverage-molecular-weight Mw-1100 who has the repeat unit shown instead of example 47 polys.lane 
(E2) with a chemical formula (E9) as stated above. . 

03291 From NMR measurement of the obtained film, existence of german.um-german.um association and 
nitrogen germanium association was checked. This result showed that the obtained film was the poly germane 
complex film with which the poly germane's germanium principal chains constructed the bridge mutually through 

[033oTwfe n n a th 0 e m pencil scratch test (JIS-K5400 conformity) estimated the degree of hardness of this film it 
was deeree^Miardness 2H. Moreover, the other measurement results were as follows. A volume res.stiv.ty 
ms-HC 21 5 Conformity) is 3x106. It was below omega^m. The rate of haze of 300-800nm was 5% or less 
According to the X diffraction, the peak resulting from germanium microcrystal was not observed It was clear 
from the conversion of the functional group of the precursor polymer computed by NMR , IR , and TG that the 
Doint's [ constructing a bridge 1 on a polymer chain they are three or more places. 

0 31 The poly stannane complex film was obtained like the example 45 except hav.ng used the poly stannane 
of weight-average-molecular-^/eight Mw=2000 which have the repeat unit shown instead of example 48 
nolysilane (E2) with a chemical formula (E10) as stated above. 

[03321 From NMR measurement of the obtained bipolar membrane, existence of Sn-Sn association and 
nitrogen-Sn association was checked. This result showed that the obtained film was the poly stannane complex 
film with which Sn principal chains of the poly stannane constructed the bridge mutually through the nitrogen 
atom When the pencil scratch test (JIS-K5400 conformity) estimated the degree of hardness of this film it was 
degree-of-hardness 3H. Moreover, the other measurement results were as follows. A volume resistivity U IS - 
C2151 conformity) is 3x106. It was below omega-cm. The rate of haze of 300-800nm was 5%or less. According 
to the X diffraction, the peak resulting from Sn microcrystal was not observed. It was clear from the conversion 
of the functional group of the precursor polymer computed by NMR, IR, and TG that the point s [ construct.ng a 
bridge ] on a polymer chain they are three or more places. 
TO 3331 

Effect of the Invention] According to this invention, after polymers, such as polysilane, the poly germane and 
the poly stannane, have formed the dense three-dimensions network by high crosslinking density, it is fixed to 
an inorganic matrix or an organic matrix, as explained in full detail above, endurance can be high, these polymers 

a fu fy scov r the optical and electric property which it essentia.ly has, and the glass compos, e matena 
which can moreover produce the Plastic solid of a uniform thin film etc. eas.ly can be offered. Furthermore, the 
light emitting device which discovers the property which was excellent including such a glass composite 
material as a component, an electrophotography photo conductor, a nonlinear optical element, and a laser 
component can be offered, and the industrial value is very large. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This„document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] . 

[Drawing 1] The cross section showing an example of the EL element concerning this invention. 

[Drawing 2] The cross section showing other examples of the EL element concerning this .nvent.on. 

[Drawing 3] The cross section showing an example of the electrophotography photo conductor concerning th.s 

[Drawing 4] The cross section showing other examples of the electrophotography photo conductor concerning 

[DrawinT^The plan showing an example of the nonlinear optical element concerning this invention 
[Drawing 6] The plan showing other examples of the nonlinear optical element concerning this .nvent.on. 
[Drawing 7] The cross section showing an example of the laser element concerning th.s .nvent.on. 
[Drawing 8] The plan showing the electrode formed through the glass composite matenal in the example 21 of 
this invention by which patterning was carried out. 

[Drawing 9] The plan of the printed circuit board in the example 22 of this invention. 

[Drawing 10] The cross section showing how to mount electronic parts on a printed c.rcu.t board m the example 
22 of this invention, in order of a process. 

[Drawing 1 1] The plan of the EL element in the example 24 of this invention. 

[Drawing 12] The block diagram of the laser element in the example 32 of this invent.on. 

[Drawing 13] The block diagram of other laser elements in the example 32 of this invention. 

[Drawing 14] The cross section showing the integrated circuit of the light em.tt.ng dev.ce and MOS trans.stor 

which were manufactured in the example 37 of this invention. 

[Description of Notations] . . 

11 [ - Electronic notes telegram pole, ] ~ A substrate, 12 - A hole impregnation electrode, 13 - A luminous 
layer 14 21 [ — Luminous layer, ] — A substrate, 22 — A hole impregnation electrode, 23 A hole 
transporting bed, 24 25 [ - Charge transporting bed, ] ~ An electronic notes telegram pole, 31 - A conductive 
base material, 32 ~ A charge generating layer, 33 41 [ ~ Substrate, ] - A conductive base matenal, 42 - A 
charge transporting bed, 43 — A charge generating layer, 51 53 The 52-3rd nonlinear-phenomenon generating 
sections 54 - The waveguide by the side of incidence, 55, 56, 57 - Waveguide by the side of outgoing 
radiation 61 — A substrate, the 62— secondary nonlinear-phenomenon generating section, 71 — Laser medium, 
72 73 — 74 A resonator mirror, 75 — The electrode for excitation, 76 — Cylindrical lens. 77 — high-pressure 
xenon lamp and 78 - a spectrum - the ** prism and 79 - a spectrum - the ** spatial filter - 81 82 L 
Fi!m ] __ A g 0 | d en electrode, 91 ~ A printed circuit board, 92 — A copper electrode, 93 93 [ — The light 
source for exposure, ] - A low resistance film, 93" - A high resistance film 94 - A mask, 95 96 [ - 
aluminum layer, ] - A lead, 97 - Electronic parts, 101 - A p type s.l.con substrate 102 103 [ A mold diffusion 
laver 106 / — n+ / A mold diffusion layer, 109 - p+ A mold diffusion layer. 1 10 — 1 1 1 A gate .nsulator layer, 
1 12 - Gate electrode. / ~ p+ mold diffusion layer 107 — n mold well field, 108 ] — An ox.de film, 104 — 
Polysilane bipolar membrane, 105 n+ 
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* NOTICES * ^ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This, document has been translated by computer. So the translation may not reflect the original precisely. 
2 ***** ' shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 



[Drawing 4] 




[Drawing 5] 



[Dra wing 6] 



1% 



[Drawing 7] 
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[Drawing 8] 



[Drawing 9] 
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[Drawing 10] 
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[Drawing 12] 
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[Drawing 13] 
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[Drawing 1 1] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2 . ***=k shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Procedure revision] 

[Filing Date] March 6, Heisei 13 (2001. 3.6) 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim(s)] , . . . 

[Claim 1] A polymer chain chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, 
It has network structure of a metallic oxide which a metal atom comes to combine with other metal atoms 
through an oxygen atom. A volume resistivity by which the bridge is chemically constructed over said polymer 
chain by glass matrix which consists of network structure of said metallic oxide, it set voltage / thickness ratio 
as 106 V/cm, and was measured by circle plate electrode method is 3x106. Glass composite material 
characterized by being below omega-cm. 

[Claim 2] A polymer chain chosen from polysilane, the poly germane, the poly stannanes. and these copolymers, 
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It has network structure of a mAc oxide which a metal atom comes to Mine with ot -her metal atoms 
through an oxygen atom. Glass composite material characterized by being the Plastic solid which the bridge was 
chemically constructed three or more places, and has hardened by glass matrix which said polymer chain 
becomes from network structure of said metallic oxide, and holds coherence to light of the wavelength range of 
300-800nm. . ^ . 

[Claim 3] A polymer chain chosen from polysilane, the poly germane, the poly stannanes. and these copolymers, 
It has network structure of a metallic oxide which a metal atom comes to comb.ne with other metal atoms 
through an oxygen atom. By glass matrix which consists of network structure of said metallic oxide, the bridge 
was chemically constructed over said polymer chain by three or more places, and it has hardened. And glass 
composite material characterized by area of a signal resulting from a silicon crystal, a germanium crystal and a 
tin crystal as which a peak is observed according to an X diffraction which makes Cu bulb X line source by the 
range of 2theta=20-60 degree being 1% or less of the sum total area of all signals 

[Claim 4] claim 1 characterized by surface hardness by pencil scratch test method be.ng more than 3B thru/or J 
— either — glass composite material of a publication. 

[Claim 5] Polymer chosen from polysilane and the poly germane into whom at least one sort of polar groups 
chosen from a group which becomes a side chain from a hydroxy! group, an alkoxyl group, an amino group, 
ammonium, an imino group, a carbonyl group, a carboxyl group, an amide group, an im.de radical, a urethane 
group a nitro group, a thiol group, a thioether radical, a thioester radical, a carbamate radical, a sulfonyl group 
the sulfoxy radical, a fluoro radical, a chloro radical, a BUROMO radical, and an iodine radical be introduced, the 

At least one sort chosen from a group which consists of a metallic oxide, a metal alkoxide. a metal hydroxide, 
metal chelate compound, metal carboxylate, a metal halogenide, and metal hydride 

A polymer constituent which comes to contain and is characterized by claim 1 thru/or be.ng the precursor of 
glass composite material of a publication 3 either. 
[Claim 6] the following general formula (I) — or (II) 
[Formula 1] 



OR 



i 



(I) 



OR 2 




(H) 



R 



(Among the above-mentioned formula, at least one sort of atoms with which M is chosen from Si. germanium, 
and Sn R1 and R2 may be chosen from a hydrogen atom, substitute or an unsubstituted alkyl group, an aryl 
group, and an aralkyl radical, and may be of the same kind, or different species are sufficient, and the carbon 
numbers of R1 and R2 are 1-15.) 

Polymer which comes out and has the repeating unit expressed, ... 
At least one sort chosen from the group which consists of a metallic oxide, a metal alkox.de, a metal hydroxide, 
metal chelate compound, metal carboxylate, a metal halogenide, and metal hydride 
The polymer constituent characterized by containing **. 
[Claim 7] the following general formula (I) — or (II) ~ 
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[Formula 2] 





OR 1 



(I) 



OR 



2 



OR 



M ->- 



(II) 




<EMI ID=000002 HE=055 WI=045 LX=0375 LY=2250> (among the above-mentioned formula, at least one sort 
atoms with which M is chosen from Si, germanium, and Sn, R1, and R2 may be chosen from a hydrogen atom, 
substitute or an unsubstituted alkyl group, an aryl group, and an aralkyl radical, and may be of the same kind, 
different species are sufficient, and the carbon numbers of R1 and R2 are 1-15.) 

The polymer compound which comes out, has the repeating unit expressed and is characterized by claim 1 
thru/or being the precursor of the glass composite material of a publication 3 either. 
[Claim 8] the following general formula (III) — or (IV) — 
[Formula 3] 
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1 



o — c- 

OR 15 



I / 
C — H 



1 2 



! 3 



R 



1 4 



(1) 



<IV) 



(Among the above-mentioned formula, at least one sort of atoms with which M is chosen from Si, germanium, 
and Sn, and R11. R12, R13 and R15 are chosen from a hydrogen atom, substitute or an unsubstituted alkyl 
group, an aryl group, and an aralkyl radical, and it may be of the same kind, or different species are sufficient, 
R14 is chosen from substitute or an unsubstituted alkyl group, an aryl group, and an aralkyl radical, and the 
carbon numbers of R1 1 -R1 5 are 1 -1 5. 

The polymer compound characterized by coming out and having the repeating unit expressed. 
[Claim 9] Nitrogen-containing composite material characterized by constructing the bridge chemically by organic 
[ said ] or inorganic matrix through a nitrogen atom which has a polymer chain chosen from polysilane, the poly 
germane, the poly stannanes, and these copolymers, and organic or an inorganic matrix, and said polymer chain 
coupled directly with Si, germanium, or Sn on a polymer principal chain. 

[Claim 10] A polymer chain with which said luminous layer is chosen as inter-electrode [ one pair of] from 
polysilane, the poly germane, the poly stannanes, and these copolymers in a light emitting device which has a 
luminous layer. It has network structure of a metallic oxide which a metal atom comes to combine with other 
metal atoms through an oxygen atom. The bridge is chemically constructed by three or more places by glass 
matrix which said polymer chain becomes from network structure of said metallic oxide. A light emitting device 
characterized by making into a subject glass composite material whose M atom with which all of four joint hands 
of M atom (however, at least one sort as which M is chosen from Si, germanium, and Sn) form M~M association 
is less than 10% in M atomic composition ratio. 

[Claim 1 1] In a light emitting device which has a luminous layer and a charge transportation layer in inter- 
electrode [ one pair of] A polymer chain with which said charge transportation layer is chosen from polysilane, 
the poly germane, the poly stannanes, and these copolymers, A light emitting device characterized by making 
into a subject glass composite material over which three or more places come to construct a bridge chemically 
by glass matrix which it has network structure of a metallic oxide which a metal atom comes to combine with 
other metal atoms through an oxygen atom, and said polymer chain becomes from network structure of said 
metallic oxide. 



O — 
I 

M -> 
A 15 



R 1 \ R 1 2 

I 



— R 
R 1 4 



-H 
1 3 
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[Claim 12] A light emitting devio^^cording to claim 1 0 or 1 1 to which saidjRs composite material is 
characterized by containing 0.1% or more of C atom by atomic composition ratio. 

[Claim 13] In an electrophotography photo conductor which has a charge generating layer and a charge 
transportation layer on a conductive base material A polymer chain with which said charge transportation layer 
is chosen from polysilane, the poly germane, the poly stannanes, and these copolymers. An electrophotography 
photo conductor characterized by making into a subject glass composite material over which three or more 
places'come to construct a bridge chemically by glass matrix which it has network structure of a metallic oxide 
which a metal atom comes to combine with other metal atoms through an oxygen atom, and said polymer chain 
becomes from network structure of said metallic oxide. 

[Claim 14] In a nonlinear optical element which has the nonlinear-optical-phenomena generating section and the 
optical guided wave section A polymer chain with which said nonlinear-optical-phenomena generating section is 
chosen from polysilane, the poly germane, the poly stannanes, and these copolymers at least, It has network 
structure of a metallic oxide which a metal atom comes to combine with other metal atoms through an oxygen 
atom The bridge is chemically constructed by three or more places by glass matrix which said polymer chain 
becomes from network structure of said metallic oxide. And a silicon crystal with which^a peak is observed 
according to an X diffraction which makes Cu bulb X line source by the range of 2theta-20-60 degree, A 
nonlinear optical element characterized by making into a subject glass composite material whose area of a signal 
resulting from a germanium crystal and a tin crystal is 1% or less of the sum total area of all signals. 
[Claim 15] In a laser element which has a laser medium, a resonator which consists of one pair of mirrors by 
which opposite arrangement was carried out through this laser medium, and an excitation means for exciting said 
laser medium A polymer chain with which said laser medium is chosen from polysilane. the poly germane, the 
poly stannanes, and these copolymers, It has network structure of a metallic oxide which a metal atom comes to 
combine with other metal atoms through an oxygen atom. The bridge is chemically constructed by three or more 
places by glass matrix which said polymer chain becomes from network structure of said metallic oxide. And a 
silicon crystal with which a peak is observed according to an X diffraction which makes Cu bulb X line source by 
the range of 2theta=20-60 degree, A laser element characterized by making into a subject glass composite 
material whose area of a signal resulting from a germanium crystal and a tin crystal is 1% or less of the sum total 
area of all signals. , 
[Claim 16] A polymer chain chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, 
It has network structure of a metallic oxide which a metal atom comes to combine with other metal atoms 
through an oxygen atom. The bridge is chemically constructed by glass matrix which said polymer chain becomes 
from network structure of said metallic oxide. A volume resistivity which set voltage / thickness ratio as 106 
V/cm, and was measured by circle plate electrode method is 3x106. It is below omega-cm. Said metal is a glass 
composite material characterized by being chosen from a group which consists of Si, germanium, Sn, Pb, 
aluminum, Ga, As, Sb, Bi, Ti, Zr, V, Nb, Ta, Na, K, Li, calcium, Mg, Ba. and Sr. 

[Claim 17] A polymer chain chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, 
It has network structure of a metallic oxide which a metal atom comes to combine with other metal atoms 
through an oxygen atom. By glass matrix which consists of network structure of said metallic oxide, the bridge 
was chemically constructed over said polymer chain by three or more places, and it has hardened. And it is the 
Plastic solid which holds coherence to light of the wavelength range of 300-800nm. Said metal is a glass 
composite material characterized by being chosen from a group which consists of Si, germanium. Sn, Pb, 
aluminum, Ga, As, Sb, Bi, Ti, Zr, V, Nb, Ta, Na, K, Li, calcium. Mg, Ba, and Sr. 

[Claim 18] A polymer chain chosen from polysilane, the poly germane, the poly stannanes, and these copolymers, 
It has network structure of a metallic oxide which a metal atom comes to combine with other metal atoms 
through an oxygen atom. By glass matrix which consists of network structure of said metallic oxide, the bridge 
was chemically constructed over said polymer chain by three or more places, and it has hardened. And a silicon 
crystal with which a peak is observed according to an X diffraction which makes Cu bulb X line source by the 
range of 2theta=20-60 degree, Area of a signal resulting from a germanium crystal and a tin crystal is 1% or less 
of the sum total area of all signals. Said metal is a glass composite material characterized by being chosen from 
a group which consists of Si, germanium, Sn, Pb. aluminum, Ga, As. Sb, Bi, Ti, Zr, V, Nb. Ta, Na, K. Li, calcium, 
Mg, Ba, and Sr. 

[Claim 19] the following general formula (I) — or (II) — 
[Formula 4] 
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OR 



l 




M -> 



(I) 



• OR 2 



OR 



l 




M -> 



(I) 




(Among the above-mentioned formula, at least one sort of atoms with which M is chosen from Si, germanium, 
and Sn, R1, and R2 may be chosen from a hydrogen atom, substitute or an unsubstituted alkyl group, an aryl 
group, and an aralkyl radical, and may be of the same kind, or different species are sufficient, and the carbon 
numbers of R1 and R2 are 1-15.) 

Polymer which comes out and has the repeating unit expressed, 

At least one sort (said metal is chosen from the group which consists of Si, germanium, Sn, Pb, aluminum, Ga, 
As, Sb, Bi, Ti, Zr, V, Nb, Ta, Na, K, Li, calcium, Mg, Ba, and Sr) chosen from the group which consists of a 
metallic oxide, a metal alkoxide, a metal hydroxide, metal chelate compound, metal carboxylate, a metal 
halogenide, and metal hydride 

The polymer constituent characterized by containing **. 
[Translation done.] 
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fcH^Kx;*? h 7-#&^l*L7fctK!te"C@5£3ft. 
20 tt*tj«<. cti^OJKy^-^KWtcWLTHS** 

^e^©s 6tcfl&©awB±aufcisa^***4**fiSS* 

fe«fc CJf U - If - i'© X * s c i tc * 

■&„ 

[0010] 
30 [tSH?rfi?^T-5>/c5b©^K] 

(CC ft 6©#*£{**»6i«R3 ft **y * 
BSJS^ttSR^*^- L/T fte©^RM^ t *S-^ b -C S 

iisitwM^^^s^^xvh y '^^it 
^cc^sftTfco. mE./mmibz i o 6 v/ C m 

«C85»eo-CR¥««ffiffi ( J I S C 2 1 5 1 ) ri'JS 
SftfcttaffitJt^ax 10 s Q • cmHK'feSCi 
£1#«!t<t-r44>©-C-«&£. 
40 [0011] *^©ft!J©^'^X^W4B, d<y->^ 
>, # y y * * ^ >tt ft?.© 

its-^ftfribjiJRSftStf yv-iit. ^isjs^-*«ij* 
•■ja-7-4^orffe©^KJS^-ife^oras^JR^bigj© 
,«tt*i3S<b ^fL, liiia* y v-IH^ffie^H^^b^© 
«»^&^^7 h y ? 9^^t?M«:3W 
J!JLhaS«3ft-CfiMbOrfc«3. *>o2 2 0~1 2 00n 
m ©«g® ffl©^CC >Pt U r 3 t - U > * * <£?#T * RRJ^ 

[0012] *^bj©$ e>tcf&©*'7^a^w*4B. # 

50 >J->7>, *'jWv>teJ;t>'* - ^^>&W(ci: 



«F0B¥8 - 2 9 5 5 3 7 



imfmPf-^kit ly ■C <&©&JRJK-? 0 r * S £MHK 

ft*oiPitt«Jit*wiy, Mia* y v-«*««ii2aaBB* 

ffc»®HM*liS6*'&tt&^^^ h y ■y zxx-it^mic 

«4Ki-rSX«ig«T{C«fc»3 2 0 = 2 7~3O. 4 6-4 
9. 5 5-5 8° ©®HCCfcr-^3&s«S'I3tl-5'>U='> 

tsjuciUH-r s f y ju©®*s*^> frommm 

[0013] cn6<Di/7X«^4(cMLt«. IS* 10 
(J I S K5 4 0 1 ) &tcfcS*ffi$!JK 

[0014] #^©#5 ^l^tffltli. * 'J 
>. #y y;Uv>fcJ:af#y*i':f>tt6CHccft6© 

h jMW s ft 4 # y . c © * y v- « 

^Mt^-IM^^BZI^OS i, Ge*^>(J 
SnU^BCT. #«BMM&©»tH*j&*»6ttS#9;* 

XV h y ^Xi©m*ife^S i . Ge*5l>«S 

njif«. sa±{c*4fe©«:Ba6-r. wz.im&m± 20 

[0015] **W©*f ^ x»te*tt4tt. (A) # y s> 

©«£-&##> 6 iiiR s ft & # y ^ * y - wis 

itzSA£ft/cffit4«£/M/T, ^Jg&fb^^&S*/^ 
xvh'j ?*x£fb^WCC^Ufc*ja©fc©"Ct<fc»r» 

u. (B) !i<y->^>. ^yy^vyfciwjxft 
6 o*ic c ft e>©*»^f*#» ^ sir s ft & # y -7 -1* 

*s. # y v-««cigJg*S£Ufc»*Il ; f-»c<fc oTS^tc 

5R«u c©K*^^L/r©^-Y*JM^. 30 
^Aji^-s/c«xX0^p a i©^a 5 *'7xv 

[0016] WlC^'Jv-lttttiaifc^X 

fcfc SSf «t 0 jBJRS ni^ft < t fe 1 ffl©@14S*^A 40 
sftfc. ^y->7>. #'jW7>fcWJ^ft> 
& 6 o-cc c ft 6 ©ft«^**> e»aws ft * # y -7- <t . 

6 & *Sf «fc ») SIR 3 ft S4>& < i *> 
1 m t fc^TT & c £ fclSIS i T -5 ©"? * 4 c 
[0017] #89!©ffe©# 'J v-fflSPftB. TIB— M 
St ( I ) (II) 
[0018] 

Hb4l 50 



(_hlBiC4i. M«S i . GefciO'S n*>63BR3ftS 
< £ 1 «©J)iH\ R 1 feiW tt^kJRMT-S /c 

0 < mmwxDT>\,*>\<m. r y - juafcj:^ 

T^Jb* &»«3ft. ISI«t?*>S«t?<>J:<. R 
1 *5<£tfR J <D^Mmtl-\ 5t*S. ) r-*3ft-5> 

[0019] *^©d<y-7-<b^j«±aiL-/c^7x 
a^tm©f«B#"c*»3. Tia-«ec ( i > ( i 
i ) 

[0020] 

[<b5] 



<±gBSC*. MIJS i , GefeiM n*pP>5!SJR3ft£ 
4>tt< ifc lfl©!!^. R 1 fc<J:t>*R' «*JRJSW-*fc 

0 < «#B»©T ^+ TV— Jl>»*s «t 
T7;i'*Ji'S#>e>jl!R3ft. Pia-cfe^-c^J; < . R 
1 fciO'R' ©R3RSfettl~l 5t*5. ) t-a?n5 

ttiio#fii4wrsci*!|$ia«b-r*fc©-c*s. & 

**. ±jSLfcJ:^tc, c©^y-7-<b^J«. #M^b 
t). #I7^+->F. ^JK*BMb!ft. ^Ji*b-f-{b 

[0021] ±i3-«w (i)*w*(in -casft 
s»igo*fi*^-r4#y v-«. TfS-9§^ ( 1 I 

I ) *fctt ( I V) 
[0 02 2 ] 

[<k6] 
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1/ 
C-H 

- C — R 1 3 



/ 

0 — c — 

1 \ 

- M -5 — R 

Rl5 



(iifiSCt 1 . MliS i . G e*5«tt>'S n*>6oStR3tiS 
*JRfltfF-S fcttHftfc L/ < »#g&©T^*^«. T V 

wusfccfctfy^u+uaSft^attSfi. r^-r 1 *© 20 
sastttti^i 5-c**. ) rasnasKiuiMfcHr 

[0 02 3 ] *«PJ©MBRa^t#W«. # »; 5/ 5 > . 

^TS^jSlRsn-s^yv-isi. 
»;?«i*ifu iwesh y -7 y -7 -£«±© 

Si. Ge*feBSn«:itfiN6^Uft:a3RSRT-*/M/ 

-c. MtBW^s/c««ft«-7 h y * 9 x-vit^mc$mz 

[0 0 24] #f6!B ©£S3R18£*m 4. L T tt. «fc 9 * 30 

ftWictt. (c) #y->7>. *yy;i>-?>. *yx* 
«4. m«r-y>««g. *yr~y>fco<tttfy 

tq-AifclJCh6 ©S-&«J *» 0 < ««Sl=rt**> 6 tt 

h y s ?xi^u #»;v-i«±©s i . 

j^^^*»fcl/T^bfc«ifrcfcJ:i»U (D) 
#y->^>. #'JW?>. #y x^t>!5:Wtccn 
p, ©fts-^f** 3 6 iMiR ? n*#y^-« 4. 

h y 4 4( 
£WU y-?-£ifLh©S i . GeJfcttSnf^i 

sr« i/fc»«rc *><*:<.> u <e) *-y->7>. 

S n K?{Cjg$ISd UftJBRB*?-**' OTfflStEft^fcj 
tc^CT. M-N-M (MttS i . GeifeBSnl 

^) ^*«=ff-rsfl8«^ h y » t?**&J$.h1cW&-C 
[0 0 2 5] aWSWOS^HR^B. 1 



>, # y y;u^>*j io'^ y ^ *^>nc6Cf«ccti6© 

«S-&*A^iSW3n^»^yv-S14. SKITF-*®* 
^■?-^UTffe©^)SM J F4$S^Lr^S^«^b^© 
fBKfltifitfcWU fjlB^yv-^MIE^Jl^b^© 

mwfc&frttzxv*-? h y » ^^-c^t^wcc3®Bff 

fcLh85*3ft-C*5"J. MS^ (fc/cO. MttS i . Ge 
*jJ:tfSn*e>3aK3nS^&< 46 11) ©4#©*S 

t i o k*«t? a * rt^xm^un* £&t-rzctz 

[0 02 6] JfrfMBOffijO^JR^-B. i *t©*eiffl«c 

X £ ft 6D £ (C C ft 6©ftS^flrtP Sti^^'J 
-7-IR4. ^J5^#I**ia^*^OTte©£«/l^4 

t&<&uxfj;2>±mwLim<DMWffi&tz?)b. Bins*-; 

[0027] cti6©^*^«c*j^r«. tf^^m^ 
[0028] ^iMBow-^^iaafcfttt. 

y x * -r >& h exec c ft e>©ftfi^(**» e» 

ffeO^HDS^i bt& ^.^H^b^©ffltt«3t 4 * 

o wi, B?ifa^y-7--^* 3 f?fB^M'fb^©ffl^3*^p> 

t£2>ijvX~? h 'J -V i'XT"(b^S i 3CC3eiBifW±^$ti 
©-C*-5. 

[0 0 2 9 ] #*SW©**JB#**?-B:. 

> . # y y >*5«t o'^ y ^ $ ^> * 6 tfoc c ti e>© 
n-T-^/r l t ffioiis^- 4^ u r s &mmtv»<D 
•ik«»*» 6«c*^^ i* y » vx-civzmczmm 

IhUtK J: «J 2 0 = 2 0 ~ 6 0 ° ©®H «: f - * $ 

iiiT-ca 5 a 5 x«-^w?4*i<* 4 -r & c 4 4 r 
545©rs>€. 0 

[0030] *«w©u-- if-i^B, i/— ir-jstft 

4, C©U— y-J«»*^L-C»lfi]ieg3ftfcl>Ft©5 
50 5-*€>0:SftSSi. BUiau— •f-«at*ffliBT*fc 



11 

* * > a e> c n ^ 6 iiw $ n £ # y v 

-tt£. ^JUM^f aWBUHl-f-*^ 0-rffe©£JSM^<t.1& 

B^XM<!:-rSX^lp]#ftC«fcf3 2 0-2O~6O- 

©seek f - * #ii®J s ft & is y a >*sa - ^ 
±aLfc j; ^ &«E«ffiK*. a t - u >x*j y 3 

lfi«l"Cttftafi!n$*i3x 1 0 s Q • cm» 
[0032] 

-T4. tt*»JmT©tt«H-CBttW^h©yt«>«C. #yf-5 
> , # y y ; u v > fc j: * <) * * i- > ft o' tc c ft 6 © 

[0033] Jkmwort? xm&mM*. # y >. 

^^e.jstR$n-5>^u-7-ii* 5 - &k -»**-:£«© 

nytfcor**. iitw^c cotf^SteWW 
«. (a) -K';->7>. xyyfr^is&utfv**-*- 
>& &t«c eft e>©*fi^f*#> ;? ft & * y -^-ii 

im^huhij^^-? v y ytxtit^mcgmutcffi 

®©fc©-Cfc<fcl>L. (B) #yi/9>. ^■j^?> 

3ti6*'j * y -?-mzm.mm-& otcmmm 

SRIR^. yjU^-^ AJB^Sfct:J:;*Xia^ra©*S^a*# 
7X7 h y 9 ?*£j&fiSO't<,»*«i£©*>© - e*>«J:i»». 

[0 03 4] Sf, ±IB (A) ©fifit^TS^X^ 

£. ^aal, yatl. 3- F**>6fcS8f<J: OillR 

s < <t *> i mom&mimx s ftfc* y s/* 
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> , # y y*7 >fc j: y * * y- > & 6 o*tc c ft 6 © 

SS^ftfr^aHRStiS^yv-t. ^57*3*VF 

& t*©ffeiKBMt«j v^ifmm. t^m-tz wmmm 
[0035] Hf4©-^r'*** y fffllft 

it±&Lfc^a£WT-2>4>©-C*ft«. <if©<fc5&fc 
©•c*or4>J:t^ bfc^or. ^y-^-ia^y •> 
•7 > , # y y;uv > * vz.fi- zs<om&m-s#*> 

i, 4?fta^(t*>6tt4*>©r<>J:t». S/cji<y v- 
tt©JB»tt. ->X7clI> ^4fttR. 5y-tt. =^5E«© 

ufnt-^iu. /c/cb, =^7ciRBsi<y^v>a©^ 
a^niflfc^esofctwBr**©-^ sas**+» 

StttCteW 5Si. G e . Sntt £<Dtifcf-<D 
20 SII«n^6~ 1 0 0 0 OOfWCt^K . 
SioCClil 0- 1 0 0 0 O-C^-SCi^OW^OC*. 
COlfiB. n #S/Jn3 ^Si^'J^? >ffi**©^t^ 

[0 0 3 6 ] Sfc. ^y^7>SIiL/-C^^3t ; £^ 
(C 5 MS 6 MS©il«^< 'J -> 5 >IS«M^ft ft i* ©M 

*k ft i» w^tt* -s y ~> v >a*f§ ens. h k 

^©O-r "^tcj: 0 ^)!©{b^4> K^WtclMaift i * ^ ** 

-id{4©Sfc* o iKTu^a # y ~> 5 nfc^ 
jfifltifts. c *> vicmmmtm&mg. < a u a n t u 
m dot) zi&tfLL. ctiKtmr&mmitsn* 

^3tt£&©Tttfct>. 

[0037]^'; s/^>a©««K*A3na«asi 

[0 0 3 8] 
Mt7] 



(8) 

13 

*BS£ -OH. -riVziiri/)Vm. -OR. 

r;y£ -nh 2 , -nhr. -nhr 2 

7';*~*>um -^Ra * -N=C-R 
O O O 

u )\,x=.)\,m -ch, -o-c-r, -c-R 

jtj^+^S -C-OH, -C-OR 

O o o 

ri« -C-NHj> -C-NHR. -C-NR2 

/ C-R 
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? 0 T ? ? ? 

-N-C-NH 2 . -N-C-NHR, -N-C-NRj 
ihnl -N0 2 

f-^--^S -SH, =f-*3--7-nm -SR 

O o 
ftxxf« -S-C-R. -C-SR 

i « 

XJ^-fim -S-R. X^U^+^^S -O-S-R 

O 0 
7At°S -F. 7ou£ -Cl.^tS -Br, 

-I 

( ±tBB»s* © r »■& * /c \*imm>T *s - 0 *<*w k r© <t ^ tc *>©#*tf 6*1 a . 

r i;-jua t T5^*;l'*fc<fc<^>l>Jl'aa i ^8tR3 30 [0 0 3 9] 
ft. pi«trfeJHrcfcJ:i». ) Hksi 
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CoT (of 



(CH 2 >3 
CH 3 



OH 

-f si ->- 

(CH 2 ) S 



(CH 2 ) 5 
CH 3 



(or c 

+ Si + 

I 

CH 2 
HC-CH 3 

6 



(or 

-(-Si- 

4 



- (CH 2 ) S -CH 3 



0- (CH Z ) 5 -CH 3 



0-C-CH=CH 2 



CH 3 
[<fcl 0 ] 



0-C-<0) -.0-C-CH 2 -CH 2 



^r°- c ^ (of 
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O 

-CH- X CH 2 



CCH 2 ) 5 (CH 2 ) 3 

CH 3 CH3 

O o 

0-C-CH 2 CH 3 0-C-CH=CH 2 

(CH 2 )< (CH 2 ) 4 



CH S 



(35 (3) Co) 

+ Si +Si+- +f + 

CH., CH 3 



° |1 /CHjCHj 

CH 2 -C-NH 2 ^CH.-C-N^^^ 

CH 2 CH 3 CH 2 CH 3 



[{tin 
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-CH 2 
-CH 2 



-N— CH 3 
CH S 



CH = N-/5Vn{ 2 3 H 3 CH 2 C CH 2 CHj 

xzJ \ch 2 ch 3 



CH S N 
! I 
- S i -S i 
! I 
CH 3 CH 3 



[0 04 3 ] 
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CH 2 -C-S-CH 2 CH S 



CH 2 -C-S-CH 2 -CH z -OH 



<CH 2 ) 3 
CH 3 



-f Si 
(CH 2 ) 3 
CH 3 



CH2-C-S-CH2CH2-SH 



OCH3 
H 3 C-S i -CH 3 
<CH 2 ) 2 



OCH3 
I 

H3CO-S i -OCH3 

(CH 2 ) 2 

+ Si + 
I 



CH 3 

OCH 3 

H3CO-S1-OCH3 H 3 C- 

(ch 2 ) 2 -e- 

-f Si + 
(CH 2 > 2 
H 3 C-S i -CH 3 
OCH3 



* * Mfcl 3 3 
0CH3 



0CH3 

(CH 2 ) 2 

o 
i 

(CH 2 ) 4 

Ge -J- 
! 

CCH 2 ) 3 
CH 3 

«r«fcoi^{C-r-Sfc*tC«. SlEtC^-TS'SffiS*^ S. 3-F«tt£». Si, Ge. Sntti'OMeK 
ftx-^TS/S. so v h .j , >;xi * 'J ->7 
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7- JUS, 7 5/Ift£tt. SJ6«©9J*fiS«Ji^-C»tt 

5%«±. «fc»)»*L<ttl 5XJ6Lh. S6tc#*L< 
«5 0%«±. * i> » * U < tt 9 0 %«±r $> S fc io 

[0 04 5 ] JS*4©f6©fiS»^**^W«^*'*- /,1/ ^'* 
ISibtiJ, ^WSMbft. + £JS* 

Aay>fbU, ^JS*3R^b«». Bii»&-W«»*35©»M» 

[0 04 6]4irAa + ^FiLTtt. Ge. Sn, 
Pb, A 1 , Ga. As, Sb, Bi, Ti, Zr, 
V, Nb. Ta, Na, K. Li, Ca, Ms. Ba. 20 
S r 1t£<07frzt*f WWrfhtl*. JWMVCttWT 
©Ayj:i©We>hS. LiOCH, , NaOCH 
, , Cu (OCH, ) , . Ca (OCH 3 ) , , Sr 
(OC, H s ) , , Ba (OC, H, ) , . Zn (OC 
, H s ) , , B (OCH,) 3 . A 1 ( i "OC 
3 H 7 ) , . Ga (OC, H 5 ) 3 , Y (OC, H 5 ) 
3, S i (OC, H, ) , . Ge (OC, H 5 ) « . P 
b (OC, H. ) 4 . P (OCH, ) 3 , Sb (OC, 
H s ) 3 . VO (OC, H s ) 3 . Ta (OC, H, ) 
s . W (OC, H s ) . . La (OC, H, ), , Nd 30 

(OC, H, > , . Si (OCH, ),, Si (OC, 
H, ), , Si (i -OC, H 7 ) 4 . Si (t -OC 
, H, ), , Ti (OCH, ) , , T i (OC, H s ) 
, . T i ( i -OC, H, ) , , T i (OC 
, H, ) 4 . Z r (OCH, ) 4 , Z r (OC,H 5 ) 
,, Zr (OC, H, ) 4 . Z r (OC, H, ) , . A 

1 (OCH, ) , , A 1 (OC, H, ) , , A 1 ( i - 
OC, H, ) , , A 1 (OC, H, ) , . La [A 1 

(iso-OC, H 7 ), ] , . Mg [Al (iso- 
OC, H, ), 1, . Mg [Ai (sec-OC 4( 
4 H, ) 4 ] , , N i ( i s o-OC, H 7 ) , ] , , 

(C, H, O) , Z r [ A 1 (OC, H, ) , ] , . B 

a[Zr, (OC, H s ) , ] , fti't*4. CtlhU 

tefttcn. 2H«±©^J1M^©t;u=i+'> Kttt**E 
[0 0 4 7 ] ftfc. T^=J*'>^*©«* 5 (C. T;!/^^ 
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*i^>7>. M?)l> F F + "y~>7>. 

Xh+->->7A 7x^MJ^K^>5>. F'J?" 

+5x^5- >. y^j^yr* i-^>->^>. Fyy* 
^.ji/i f*->->7>. ix^i^-^tf^jux f*->->7 
>. fr.;u f 'j x h 7 >, tr-Ji' h u y f 
r-^*£"J a+^^'afji/K yy f+">">7 

(S- (3, 4 -x.#*isisi/ V^isAs) x-f-frh 
V y >. r - * V 2/ F *->7'p l-'J^h 

^>->7>. r -yji/^^h^abTiU h'J^< F + fS'^ 
> r - ? y 7*d h y x h + ^ > ft <t" 

[0 04 8] $/c. ^R*»{tigJ. ^I^O^btt. 
£W*#ft!»£ LT»J:fa#R©-€-ti^tl©<b^*^ 
if *E>ft. ^SiT*ot*>7Ji'*;i«^T y -;u«ft £" 
©g&a£W-r-&fc©-tr*-?-C £fc#iR«:y ^ 
jb^ *oa->7 >©<fc 5 ii^pyMttt^* 0 . A 50 * 
*1WC*SJ: 5&fc©-CfeJ:^. HfltfJCCttfclT©* 

ixi^;U^t FP*->'>7>, ^xi^t Fdt-> 
S^7>, F yy ^;l/->9^-^. r-'Jlfi^?/'- 
F 'J 7 ir-jl/v--^ s — -r F -7 Wa->5>, y 

^.jl/ F 'J i»oa->7>. s;y g^-y^PPV^. >>? 

T-F^JQafiO, F y ^PPTJl/i — 'f A, *JU'> 
^1,^4 F\ -:yyyy*3 L .>l'T.>l'Xx^A>'W K-5 

P^W F7-f h\ y^^A h'J - t e r t --/k+vt 
;U5 y^-f F^^ F. y^^A F y - s e c-y'T-fr* 
P^^ F'7^ F. v>*'^-X (II) h. 
>")A^P^^F7-f F. ys^ At* ■7^*7-1' F. V 
i/-)A*'an-'h'7-f F. yy^AJ?t Kd-tr* (2 
-y F+->x F+->) TfcS.*— F. yy-5 A-r h 7 b 
t h*P*U-F. ^£x^A;W F"i"f F. hyy'^JU?- 
>n-f K5-f F, i/^3->)AA^K7-{F, ^7>, 
y^;i'>'7>. x5 u Ji/'y7>, vy"P f;U"y 7>. y 

!;j|,->7>, ^fA~>7>. yi?A'>7>. i^y 

x-jb->7>fti't*5. fttecctu ApyXtlJ 

[0 04 9] ^+b-Kb^iLr«±lB^)l©T 
^^JL-T-te Ff"- F^©1 , 3 --pftJUtfxjHb-^*: 
S2(4 J FicWrSt©^i'* 5 ffl'v^n. JtftWCcttJSlT© 
o J:^ttt>©*J*lfe>ti4. F y x (THz^-Jl/T-fe Ft- 
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h) TJUS^-^A, h 'JX (i^T-tehT-te* h) T 
^7 A, O^AT-feW-bF^-h, ffilST-fe^ 
r-b h*- ha£-C*4. 

[0050] orttff«a.fcra««a 
4. iHi^yjA, itmid i) . fti'^'S^. ft 

#;U^A. Is^WM (II). i/a'JB-?^*^'? 

A. -> a ^X(I I) - *s VVVA. X 

[oo5i] &jr*r«hs£ urwt. **j^sft 

tttt i'DSffll^h. Afl*JK««AtfttT©J: 9 at© 

a/«tf t y ^ ^ ■=• •> * . * * t r ii/ 5 - >5 a a t'-c * 

[0 05 2 ] *fc. *7^vh'J^ ^MW4i U 

r. ^jst;^*^ Fa t. B5»ft^os5 
y >waa nvmvm ■■ mmmmu 

i#*5/»l8. # »; -f 5 F. ^; >«MS, * 'J f^-ju 
b-a y k > . * p >*Hli /cW*£* y * 

■7if>©J;^ft^y'>7-9 ! >S*ffl<' J SCit? > 

[0053] ±iB©«R»ft*K*io^*!i<y ^?>aosa 

0. l~8 0%SSKSSSn5. CCDSSl*. tf'Ji*' 
=7 > W«OlH-^«*^ N a "T 3 £ b 

rm/cti^. # y ^ ? >shcww©««b*«?ws ntc < 

< a 0 . y ^ >ffl©E£*# s ^ 

7hy»* x^##^at>ft:tf>cc-h?}-atf y 

a&**j& ^ n-r . t fcmm #x a <t* ct*hr a * 
f*mi*m&< a*fc*>. y >«©«*«: 

®<Die^fi«5~7 0%. g«b(C(J3 0-6 0%^<fc 
3„ fc/cl. CC-C±ffi-«SS ( I ) ( I I ) t? 

/c»^». c©iwg{*# y -7- a(W»M*M'T*^L-c 
3a*-r & c t v u v x -7 h y ■» * x shSOT. 

y >jr©e£***±jE u/ct o aiBHrtccKS 3 
*aa<T*>«*>at». 

[0 0 5 4] *fEWtC«i (A) ©<*3&©:tf^*«£tt 

r ;u 3 -;i/*>* - 7* =» - iHB^Wtt £'©«»«: y ~> 
7 >»fo «t tf^JST *3+-> F 3 -S/c^^ISM 
u jni!»*/cB«*lt©f^ffl«:<fcO^«r>U3*^ F*fln 
^ibut voi/jS*j&idfr a. c **a 
t'©S«K^bfcO. aiUct, yjMb^b-cSr 

a©*/5*«£tm*»&. £«t*=>*->f© 
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4^87* 3 * ~> f * jo*^«i-r 4 a i* orwK u fc -y 

ji*«c«« Ufc«, ftlJNtt»& £©*HWc <fc 0 «ft«* tir 

^Fai**s^b. cn^fiS^u/d*. fln&a *r©*ai 
{c<fc«5y;WbLTfc®:bai>. 

[0 05 5 ] ±fe©M^ib-C«. T>*-T7K. I-'J 
10 TJU+Jl-TS^. !>>'-*7S>ti:i'07S>;*fi 
{fc± h y -5 Aa EOTfrU ') : IBM. 'J >B8a £' 
©«i^^. S^®. l/»>>«at©*il/aK>BIK:««S 

/c, Ch607i>, TJl/*y. ^©«*^C. te?Khy 

^ y » naat'cBfos***. ft^^" ^ y *f 
a, a£*»vdf**^Aa<!r©iftf&*i*£R« : 

S-'5A7-tefJl'7thth. yj^r.-? A7tW7 

20 5/7f;i/Si'7'5u- hai"©W^H-fb^ 

«l ; iS-fbT^s^-^A, ta^bife (II). ^kffilB ( I 
I) a£©*ft«*ffi»'»"C*>J:<'». tt*»c©i*. t;u 

i-^/A, ^-Jr^^A, d<0>ai'©T 

+ -> f (*. *7x?i- y v ^ xmmA tL-cm< 

•S. Sfc. MiUTB. *. T^3-^©ffi(C. *JU 
AT 5 F. WW*Jl/A7JF, i>^h+">x^>, 
y?jH2ny;l7, if;i/-feov)H f^tFa? 

3ry-jl/T5>t§f©^«iS«l*ffll.»t:*><tt>. 
[005 6 ]Sfc. gai/ci«7^3 + 'x' Ftm©& 

t>fc^ . &mT >v 3 + f t wm&& z ^ «shk© 
- y iuffia t©««ffi^ii»«H* a t*tc * o r 

y^H^bt)-7 h y » f^*J^RRT*C i**-C#S. * 
yn->«IH*. ^Aa + i'FiOtJBOtfci 

a* - y ->7-y'>® t # u ^^>mt<D^m^^(D^ 

[0 05 7 ] ##fe?SCt(&£ (A) ©«jS©*5^ffi^tt 

if4(c*5^-r«. «<»*5&5*7^v f y ? 
y >a©wa«:3iA3 tiitw&&# s &&&&. 

A*>&&> BBfiWS^. *3RIS^. BMcttffiSfffflaiT 

so KcfcOffr^cfe^u-c. #y^9>a©#yv-tt*j 
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[005 8] accc. ±SE (B) o«5ft*wr*#^^* 
i/5>a©£*«:fii»^i'fcWira E # io 

ilr/?5c5ft-2>. 

[0 0 5 9 ] «iLtf*IK6*&t»«7 , iU=J*^«*W 

[0060] 
[ftU] 



OR 1 

I 

- M -> 



(!) 
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t (±IE5£4>. M«S i. Gete<tt;Sn*>?>StR3nS 

tt5c<t{c<fco»fc3fta. -«« ( i ) < i 
I) 5 ft ■S*-'!'*' jrjitfsVfr-vs&tc 

(it AAV X ^ t ><Df ttl^f* S fcttttl^B. T 

tt* XM-7- <fc *»« JbS^BTJ^+^ii <0»ftJ± 
**-«5£ (l)-CBl : 2 , -«5£ ( I I ) r-« 1 : 1 

felT©«fc 9 fie ©asptf e» n s o 

[0 06 1 ] 
Hfcl 5] 



9CH3 

Si -)- 



CH 2 CH 3 



(CH 3 ) 3 CH Z CH 3 -f- Si 

CH 2 CH 3 



OCH 2 CH 2 CH 3 



OCH 2 CH 2 CH 3 
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[0062] 



* * [<t 1 6 ] 

OCH 2 CHj 



(CH!)i (CH 2 )2 
OCHi CH, OCHj CHa 



CCHj ). 
0 C H a 



OCH, OCHjCH, 

-(— S n -7— +■ Sn 4- 
(CHt)l (CH!), 
CHs OCH] 

-gsse ( i ) ifctt (id ■casn4»iEo#fi** 20 
( a ) WAtf . rta-sss (SI) ssvtw ( s 

2) 'CtSW> ; i , DO->7>l;iItMJ')A^I 
y 9- *} A ft £ t b x >4> x - iUtt i'OiS&W TTSJt 

)5£-r-2)C<!:*5-C'#2,. (b)Jfc. K. Matyiaz 
ews ki6, J. Organomet. Chem. . 
340. 1 9 8 8, 7fc*£3ftTt,»SJ:5fc. TB- 30 



OC Hi CHs 
S i -J- 
OCHiCHi 



«(psi)-(ps5) rasns^u (^y- 

*gB(4=&W-r 4 T Jl- 3 3 i± & C £ it <£ 9 

* * C £ ^ * * . * C © & 7 * 3 ©f4#> 0 *c 0i 

[0063] 
Hfcl7] 



Ci-Si-Ci Ci-Si-CI 



mfflW- 8-295537 



(PS4) CPS5) 

£ fcfBMK T A ^ * AS£Wt" S # i> >ii±f 2© 
^fficD^CC. (c) K. Matyjazewski, M 
acromol. Chem. . Mac r omo 1 . Sy 
mp. , 4 2/43, 26 9-2 80. 1 99 1 KSS 

( d ) 7 ;l 3 * i/jHtHS? nfcll^IMJS^©^ 
o^>{b^£ffl<^lt^fi^rS7f£. (e)Sffl?.. 3 
Chem. Lett. . 8 3 5, 1 9 94K«f3ht: 
J; "5 K, £J«M©T*3*MB»*tt£&£©M0K 

*fflt>r^kSifetc<fco'C*^-r4*i*. ( f ) Yu 

-Ling H s i a o 6, J • Am. Chem. So 
c. 1994, 116, 9 7 7 9-97 8 0CC#£3 

ft-cUaj^tc, #y (7*~A-t fp->v u» at* 

©M-MS^rrSWBIKAI BN (T-/t'X^V^ 
^o^- h 'J AO ©{^fflTitTArfc F^ h >©£^a 
* ;u#- ;H b£® 4 JKfc. $ -t* 5 75 S. a £ : tc «fc 0 i^tT 

[0 06 4] ttte. ±IB (A) ©*jB*Wr*#^*« 

i^m© jMf4r- * s * u ^ > ©© ^ % r f . ««©- 

(-OH) tei^/ifcliT^a+^H (-OR) # 
I ) ■c&Stt**>©±EI««:±fE (B) ©flHS**^* 
[0 06 5] (I) S^l* (11) 



«^©tf ') v-msi*''^* 3 *^ (">•;=!->) - 

T 5 F. 5 F, spyi^fti'i^ 0 ' 

M. SWcll. Sfctt5*Ht. 6*aittt'©WK. *>U 

< « * * * > 7 * * > < > a £©fi 77<*tt© i> -r n t J: 
t». a^KKoc»-r*»weciR3esti<ci»«*. ££»Ktett 

, 5Si. Ge. Sn4 £©JM^©»SM« n tt 0 6 
-1 00000-C*5Ci«»*l/<. <tOif£L< 
n** 10-1 0 00 0. 3 6iC»2 0-5 0 0 0 T'& 

[0 06 6 ]-«£«£ ( I) (II) 

yjx9>ai*. #y?-w«©*Mfc. TA=i+'>A-a 

^MT- . ^* A v i - J AW $ fc » * t efcSK? 

tictmsot?. ±ib (a) ©ii©*7^ 

^. *»w{c<*s (b) ©tnjs©^^^a^*m«. - 
( i ) (in "casn*sj«y^5>a*» 

Kfc £Kjfc»Ofc». ttl^t/c«Kt4fe L < 5*lS*tt© 
«B«©ff ffl K «fc 0 , fflM© T A- 3 * f AS £' 5 L £M& 

jHW^s-a-r^v^brscttctostiS-cts. ate 

CCT©«)8iUtB. VJlz-y^ffitCfco-C (A) © 

m&omv ^a^*m*»ar <t isia©^ ©#« 

50 [0067 ] C©*!£. 'J f9>a&lyT. 



(18) 
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±ffi-)»5£ ( I ) (II) Tm3ft£fc©©5*> 

Vh. WtcJJBHK* (III) (IV) -CmS 

IS^c^S (B) ©^©#5*8te*i*4*£fiM**e 

( i ) *fc» (id rsstiatsoisoiiMifc** 

-f &#'J->7>S©5*>. SKyFtVl^ih+^l 
0 flXDSK^ItlA*. CftJCfcfl/r— ( I I I) 

stittt ( i v) ^3ns*'i->7>sii,. r^3+~> 

CH, CHa 
H, C-C-CHs Hi C-C-CH) 
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JU £> L < B -Y V 7' a h' Jl/ £ fc« C ft 6 ©^i£#©£SS# 
«L-C*m*^^L. c ©*»*#£ *Kf6©*i* 

aii»*«^b-c^7X{fcr4. c©/c*cft6©#'j 
->7>s«. »ja«3Etttc«ti-c:(,»stiai«p«c. t^/t 

-C**. Cft6©4<U^7>SI^. ±ab/c^ffiiCj;o 
T^flff4Ci#'C*4. -flS5£ (III) ( 1 

V) -C7n3ft-54<V^7>®©*ftWl ; 5:WTK 7 ni-o 

[0 06 8] 

Htl 8] 



H 3 C-C-CH 3 



H s C-C-CH, 



Hs C-C-CH, 



H, C-C-CH, 



Hi C-C-CH, 



Hz C-CHs 

\/ 



Ha C-C-CH, 



H 3 C - C — C H 3 



H, C-C-CH, 



[0 06 9] 



Utl 9 ] 
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• ch> h 3 c- 



-CH, HiC- 



-CHs HsC- 



-CHj Ha C- 



*30* Ut20] 
H.C CH. H.C CH. H^^CH, 

N _<. Vu C H 



(20) 



^ttfUKft # u v - © * % ffl i »r SBS-r # s fe* . 
* k> . *o * y f ? 

[007 11S6K, (B> ©«££** 

tm*«je-r4«:«. cvDtt*fflt»-c 

% CVD^I^£VI):3>^5^#7X&£©*«£1S 
=y >«ft^BS«t>* fcttJ&S OfcSMC ggSR^T 

u. #y^>«w©t§ft^**Biarc«*'*"*- c 
©# >j ~> 5 >R*fln» u # 'J > 5 >©* y v-a£ 5 

L^W^^Sit^Cia?) (B)©« 
[0 0 7 2] C©*ttK*»C>"C. -/7>S^iL/t 

SR*£ttH, O. *tStt#* TJW=f>. ^Uf 

. *3R#*.'fcL<«£». SfcttChfc©® 

3 0%«T-C*SCi*»*UC>. ^B#©fln» 
fiS« ^'J'>7 >ic>*A 3 titc 2 o©7k$g#Jftfc5 
jfc*SC LTSi-O-Si tt^*»Btr * C £ AiBjfg 

6 o •c«±t*. * >; ^ >©* y 

[0 07 3 ] COi^KCVDSKiO^^t^Wfi 30 
3R?Btt# 'J ^ >©f63^fiB s £*'Jffibfc*3 t '^ 4 * £ 

¥*»^< -f x £ o -c* - n34m&K*jm* 
<Dm^tim\,-c*.m.%Mit£z>^* na«cc*r«-c* 

[0 07 4] «±(Cfct»rSi?abfc*fBW(C»S (A) 
*>J:tf (B) ©«»*#* £#5 

^©^^xa^-cit 40 

-^©^^[Mitt-e©!^©*'^*" 7 f- ^ » f^KJ: 0 
g@ ^ ft T (,> 5 . * y -7 - **©-»##& £ 

c i arara-c* c©i5K#yi/5 >«©* y 

ft©B3£$S#iS*fc*i"^»*fc*' BftBfrJBte. WJ» 

»© ill £ : 5 t # M - O - M& £ %Bf& L t b X I » 
« . ©»» L «c «t o X # 'J -> 7 >»© 

£«©£«#£«»£#«£*'*• C©/c*. 
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ij. 3fc¥H|K:tt3fc&3fc (PL) *»J:tfmSWBfc (EL) 
©S£K#15<. tf'J -?-i»«:iJW4S i . Ge. Sn 

y ^a©^***^*^* . * y ^ >**© 

^ij7-Ji©K«* 5 I^i:i*6, ±iE©«fc 

«£-fb$ ntctf y j/ 5 >- #3 k. 
# y -> ^ > iii©5§^ t tt a i » fc» . *9m<DM 

[0 07 5 ] *^©^7^«^W4K*5^-C. ±ia© 

# y v-«±k:*jw 43B«** 3 «Bf «±r *n«. 4< 
y->-7>ffl©^y7-i»£*'^^^H y * ^£©ffi^ 
**i»±t?*s. #yT-«i©@3e«ft**J:o* 

«>S/cfeCC«. SHfjSH*5«afW±. 3 6tc«l0ffi^T 

^-©^J»tt ; &^L'rc^*5^|g3!)^^cc I a< a 
*s-C * . fflBJCfC D -C JA^IEH CC f}fc->XM 

[0 07 6] ^CC. *^Cc^2.**7^^+.tif4* s BA 

^> a + -fe > £ tb$3 L * s <5> , S**T^©l6ffl * * 
[0 07 7 ] fie3BD6nrir»4Va*H2><fc-&«B*--< 

s©ai»* s ^*^^ ^ 3 Mcffi-ik^m lx ^ 

^tt^U, hKflS»LA:«*J**W:-rSf«c«.>. c© 
*0. ^IfcOttWJW?^*. C©J:5«c^«©tt»** 

ft-?>T<. «3£«R©*«:»U'C=it-U>^*€a#-C 
3 n/c*" 'J ^> 5 >!!©* 'J v-IK £ y 3 >» 

3 >swssk <t s x * -minimis. c ©*s 
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^ l tc *j mmvmm t B-«g©ft& *mtir z 

tc#> PL«**ftT3-&SJaH&&3. PI«tc. EL 

©«aBtt**«TS**fc». EL»**fiTS**« 

^)Sbri^lg B B B ttCD]«C^S i JtfFB. • 

btOTt^fc*. EL Sib 

[0 07 8 ] cttfctto^**^©:^**^***^* 
tt£#ife©aH3:^£i¥&bft<^rftn-ci,>s. &. 
^ x«ws ft©ft *** * 4 #©& ° ^* 5 ^ M - M 

B. # 'J >*!©*' 'J ^ o r l>4 5 

mmzmrz. coctsjis c2i5isetion 

0. 02-0. lum. 3 05-0. Umi 

-r*cts&s»* anin«E*i*«<o*»« c j6 

D-C. lVfeLb. *?*l/<tt2V«±. 56tc*f£L< 

wtt-rttto%«^sffi* i o 6 v/cmtcswrr*. a 

SOMSBS*»KBJ IS C 2 1 5 1 ©IBtSiC^ 

utiTOttf. tltui, «. Tfi>3.=-VJ**Z 
*HH,»*. Ttt*^, MlJWE*J:0fctt*RI«*W3 
l>ffi^totf£^£C<tA s W:i;L< . IE® <t L T I T 
O ftgi ItT^ = A©I^bW*fe^J ^ 

{Ci^ 3 x 1 0 6 Q • cmOT©^******"*"*- 
(*««6fit*ttl. 5X10 6 Q • cmtTF- S6K8-X 
10 s Q • cmttT. «*<=>«C6X l 0' Q • cmOT. 
3^4X10' Q • cmKTt?**Ct*«|ff* LA>. 
[00 8 0] (3t-U>X)$»^^W 
ttHiKSKDllB t ft 5 jfe©BtfUJl±©ttS***' 514^ 
< Jt^WtC^-' C* Sfctf), 3 0 0-8 0 0 
n ir^fifGB©*^^ 3 t ' u 
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t, at-U>*£ffi?3T£*fcBSBHB2 8 0-9 0 0 
nm. 36KB2 2 0-1 2 0 0 nmT*^Ct« 

[0 08 1 ] ab-I/^OS»B. 
JWT-C*4Citcj:o-raiS3n5. C©1fitt#*K 
B10%fclT. j;f)»$L<B5 0 /»WT. 

lo ©fit. ztim<Dmm<Dm£icitm*-&E 

[0 082] (->'J3 >«*Sg& ±» ^ fc 

to, Cu«S*X«WtTSX*0tf«:J:«jmtf2e 
= 28. 4. 47. 3. 56. 1° WlK5/'j3>afi 

*sa*x xssa-cB. o-c *> s& 

20 cu««*xiaiSi-rsx*ia»f«:J:o. w*tf*ti* 

*l20 = 2 7. 3. 4 5. 3/ 5 3. 7° fc«fc0*2 0 = 
23. 7. 34- 2, 46. 4° ^jgCCS/^^****] 

o-6o° ©i5H(c t - 1> i>mm sn^ya >^ b b b . 

-C2 0 = 2 7-3 O. 46-4 9, 5 5-5 8° ©S5H 

k f - ? ^iii'i sti4->'j3> era -r •& y -i- 

JU©ffifK* 3 ^:^^^©aStffil*©l %£TF ~> 

»; 3>»^B a B . yj^if A^B B B *>J;t>*^x®feaic 
iaa-r-s>'>^^^©B«B. ±ts?i-)i><D&m<Do. 1 

fc^lCCtC^^t^OffiSB. 20 = 20-60 
■ ©«EHCC*5W4->^Jl'©^t1-M«t?B^<. 2 0^ 

0° ?:©^s^ffltcfcws^->^^©aitffifii-r 
40 4. c©*m*. -WWK***^. u-lf-*^t'^ 

©jL^iCfc^T, ^fi^^J^> PL»$4i'4l*I± 
[008 3 ] 3 e.tc*^©**v x«^M*4«c*3^-r 

©$*a*w^^-5x.-r-. 4*©s^** i 4-cM-Mfe 

^?:JfJfi3cLri^^B B B t4©^^ME^©^W** 5 ^ffi 
jStk-ci o«*WcsarSS-h*c:t#5»*Li>. c©J; 
^ftMIR^B. XPS. IftNMRftiWiciOS 
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[0 0 8 4 ] ^^cDtf^^aWftSr&a*^ 1 

c©/c*. *»ofly«-r4»K* 

««|«S«ciifiU>. cft*>©14 

[00853 mmmg.) ^mmw^xm^mzm 

{fc«!tlTffll>^. *<0«IiniWBtt»5lo**K 
ia(J IS K5 4 0 1) T3B£Ltt*4CtW5 10 

atiHMJtttBJUU:. SfcKlHGLt. 3^2 
HfcLk. 3 6K4H«±. 3 6JC6 H«±t?*£Ci# 

*D3 0X«Ji. S6K5 0X6l±. 3 6K8 0Mtt 

± g 6 cc 9 o %u±x*> zcttm* *mrc 

B C© «fc ^ K# 'J ■7-W««:*JW4'S«»©Sl6*«: 

[008 6] fcfcC 5 Ufct«BS©5(E*«. — * 
NMR, IR. XPSfci'tCfco-CSE* 

JR»*fl4mfc (TG) ft£KJ:oTfc'Btt»D£J»tt 

ntB3ftf#-s. 

[0 0 8 7 ] ( 01^**0 *IWJ©*^ 
6 M-^ftBStk-CO. l%fel±©CJIH^:llrWU-Ct,>2> 

» la: aa» o . c jgt^©#* * 

[0 0 8 8 ] We. *^Hj©-sa*«^M^ic^c^ri^ 
w-rs. *^©«^b- *ys^>. *y 
y ; uv>fcj:tftfyx^>&6t>'Ktft6©ftS£ft 

* i#W ') ^-£SK±© Si. G e * fctt S n K=f-K.tL 
[008 9] J: 0 ft*«KB. *|6W©da*«#**» 

B, (c) *'ji^>. *y**:h>ft 
h v tc c n 6 6 3i jr 3 n ^ * -7 - m t , 

W*. BT #V7^'J>feU<»K'JfD- 

fctt c ne,©ii£*»fc o < 

BSnl^iW*' I" ' ^i*** 6 
■&4fl5fiSL-C?S«bfc«JSt?fc«fc^U. (D) *<;^5 
> W'^7>, 6 E«CCft6©£S 
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# 'J -?-£II±© Si. GeJfcBSn JSfiii 7 H 

flUt-C I/. (E)*y^>. *'^'J^>, * 
y * £^ > & 6 Wc t n 6 e-iliRS ft£ * 

^yv-Sf(±©S i , GeifcBSnK^ 

[ o o 9 o ] ±k (c> ©«i&**rra£S*«£t*# 

ffll^n5^'J->5>SB. _hi*0fc (B) ©fifjS*^ 
ia«*Si»ttSffil©fc©"C**' rato^ WMCctK®? 

[0 09 1 ]%fe, T 5 >»a*S3»AS ftfc * 'J ^ >» 

b. ^xB^#KS-r-g^3n/c*- y >HK*<fc> 
^U>^£©^*T«. h 'J5**0>*>^* 

fi|«3F 3 3 2 (1 9 03)O^FyfU>4i4 

[0 09 2 ] #yr-©£«©ib!mSL JK«8tti'tcM 

fc^KRSSnttt^. ZEIIKfcW&S i . Ge. Sn 
fr£©H¥©aifWBffcn#i4~ 1 0 0 0 0 0TT**C <t 
«fc«3»*U<Bn**l 0-1 0 00 0. 3 
P.CCB3 0~1 0 0 OT'45. C©»^. n^t^' 

>J fn-;u^ci <!:©ffii§1±* 5 ^< ^ 
(*©p»*5Sit«:/«c^. 
[0 09 3] ( C ) ©«ft*W^&«S««^««©« 
f4©m©^^4>?>7^y>^Bi. *'iri'J>. #'J 

o fo-^iUB. ^n^n^iW©^M^©^%^ 
>. #y t'o-;i'©#tt*a** 5 'bft-5fc©'r-fe«fci : > 

c n 6©=j< y 1 , c n h\m<D* y v- m tf 
*y>>D*-*> (->'J3-» - #yrsF. #y-fs 
P. ^yx^T-Jt. ^yx-f;K t-^fli. r^y 

so sis. -^tc«. h^tcW. «tt©«.»rn-efe 
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SfcTttttt #'J7i'J>. # y t O - JWt i'O^tt* 1 * 

tt £'©S «D 31 O^aoiMRffla n * 5 4 - 1 0 0 0 0 V 3b 
5Ci«b<. 2^*20-1 00 0, cfc9»£ 
U<tt30 0~1 000tWCiWU>. COS 
E&B. n**/bS-r«fSi. #'JT-'J>. #yen-* 

h y » ^^HJ^*****^ 3 < 

y T ~ 'J > tt «E ■ * * © * * * /c B«SR©tK!» ° T * 

»©S i . Ge. SnW (M^) *«8«»U * 

5 >»©««6S© 5 f3 NH*£ SIB l> «S* 20 
tt»WjL«T^=«*^^»tt. J: DtBE 

# y ^ >a t # y r - y i >Wk*WKtt^-*- * 
[0095] MatcfruBS*^** y >a«c*fr 

^ s HKfcJtCB*a»fiXJt "C 5-50 0 0%,^K 
B5 0-2 0 0 0%, S&fcttl 00-5 0 0%~C$>2> 
ci M$W. ChB^F'JvWttWl* 5 * 30 
4 t) I,* £ # 'J ^ ^ >»©£«*H5&r 

[0 09 6 ] COi^KttlieW (O ©»£*# 

■r4aE*as«#yj'5>at?B. #y 5^ >»©#»# 
s/5 y 7 - y ^665**-? 1^ y * 

**b. ^-rnt>^«riMi4#y^- _ c*s/c«) t cn 

y ^-©ffiEftfBKJ: -,-c*ISflfta6tt& i*S[°I±-r 
4. U*>t>. i<y~>7>«CDi$ICCN^^itt«^^ to 
SaiC^otlWI^ttSfcfe, PL, EL« 

[0 0 9 7]S/c cn6©»|Sl±3«fcSbK, 

>iO UTfcJ:^. *(*WKtt. Wxl«^* »-* 
ft&, tttt. «E». f»-5B8. P-h* 

>*>^^*>K. hy?^*^* 
>* >Bt& £'©»& £' *WE>*&. c n6 i&m 

[ 0 0 9 8 ] =W H 'J jW**t*«*» 50 
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£*t*4B. 75^«A^^'^^ >ai - WT 
*ttiJll©4>& < t «>«7 s y*£Rl60» 

t^BS-rsct^-r**. cc-e©«Bi£btB. J«* 

. frji/AT^t f»iib. n.yr«Br s*«tBt. >^ 
5>«ibi. tju*f«ub. ^fi?a#yxx?jn»)ii. * 

tf+s/ftJJU. F>j7UA->7?b-Hffi. Tfau-f 
#y^atu>. #y**u>. *y^7*-> 

WH8. *y&ftfc'^;k spy^ttr^y^. 
js, ^ijrf'JOiF^. *y 
ei ^yx-7-JL-, #y*-#*-K 
tsf, jH';s>x>, #y?u£>. jH';^*-u>. 

#1; (;<77xil/>^^ F) . jP'J^*7*>. 

# 1; o - ji/ft tt? * s. c n ^ Bma-c a fc« 2 aw 
[«->';u>y7;>, 2, e-yTsyt?*^ 

[0099] iX«C. ( D) ©fltJt*W-r 4^fS«1fi^*t 
tt lilfc (B) ©«3£**-r&#7*«^trt4CcM 

?r$fl-r 5i»? h>j?^tft 4<t^». y 

^jni,. ttfc. ( d ) ©«a4*-r&$a«a^** 
»-cb, ffltt^s^^-r^- 7 y » f^icB^s-a 

^ - ^Hfe^/c W "Ctt < . ^feJSS — - a * 

[0 1 0 0] *'y^7if>V;uB. «*tfw. S. Co 
b 1 e n z 6 (Ma t e r i a 1 s S c i e n c e R 
esearch, Vol. 17, ed. by R. F. 
Davis. H. Palmour and R. L. P 
o r t e r. P 1 nums P r e s s, New Yor 
k (1984) P. 271-285) ©#£©<£ 5^ 

[oioi] ni««:smi'fe*r*#y , >5>a«:»r 
h y ? *^wt4©ie^«B!t#tcKS3nttt> 

*s. -^CB**ffifiXtk7?5~5 0 0 0°/o. »$K 
B5 0-2 0 0 0%. 3WBlO0-50 0Kt*5 

h y * wwsm 



(24) 



^18^8- 2 9 5 53 7 



[0102] t(D&*>ici,xnhtiz> (d) ©#&£* 

«; ~> 5 >k©£«k N jtff#iWStt£* & c i k «fc o r 

«-?««#SWb-r**:«>. PL. EL4*tt**#BBU # 
[0103] ft*. (D) 0«JS**-T4«a*a^** 

»-c« h 'j » it 

WitfSi, Al.Ti.B. Zr, V. W, Hf, T 
a U, Th, Be. Nb.Cr.Mo, La&£©S 

(CiSSibiiltW«Si, Ge, Sn. Pb. A 
1. Ga, As, Sb, B i. Ti, Zr, V, Nb. 
Ta, Na, K, L i , Ca. Ms. Ba. Srfti'0 

[0 104] *fc. ««^r-y »*Xt*t4fflB« 

®e^f*s*if ens. 

[0 10 5] se^c. (C) fccfc^ (D) ©$$:££&{#•£ 

h y , * * y *• y 

[0106] ( e ) ©«js**tr z>n,&m-&vs 

». 86« y ^ >IO«K«A5hfcf(l 
X*r>*-r*fcB^^^7'5>. x=huts>. 2 

«0 *©«S*tb-CJ»aSti4M-N-M (MBS 
i . GeSfcBSn JSC*) *S£***R»-* h y ? * **« 

jSts. 

[0107] C© (E) «Ofl»©««««6i5m'CB. 

# U LTifiS 

# ij v - e^RR r 4 c i *i -c * s ©t? . # y ^ 5 
to i o s ] w±©<fc sk* »J ^>s©3»s*^ 



* y >£§M 

^^it^^M^^/ru-cffe©*: y >^IMcc 
*-ci£36JSfcsE>. *«^3t^ 
Wttaefciivr. c©*£. J±« 
Ltiw^ofeAt^fc*. ens 
c i tmn s n a. . * y >«©£««:£«*£ 

<fc o ®* htii>ct s n^tr^wffl -c 
**. 3 6tc. (e> y*'* 

>S-c«g*IBt*© 3 #©*S£**W*ft«:*Jffl^* afc 
to * y %sv >S©3»*£^* 5 2 *r * SBMSJS* 

Lxmmz y * tb ** 0T * 

^^©Jft^tlH]^*^. 

20 [0109] *»W©a^WH- (*7^«^4 
toJ:C«Sa«li^««) lo© 

V U -If - m- 1 1 ^ fc* ^ < W ^ © cc o o » 

sRSfMii^y^^a) ^* 

[oiio] *iitc#s*'7Xi^ 
so wf4©auigmcffli^ns^y->7>ii«, astcsis 
k <fc o ^ y >n<D* y t^^h'j?*^ 
i*sas«ufc^^^«^**f4«:-rtn3:. ±au/c@^© 

ffig{*©d< y 5 >«^^it-r st. # y 
sn-c^«iwb!»i0:*spa* J ^«i6^-r*fc». ^© 

* lfe*ot. io©«E^f*4itc*5^-C±ffi©2o© 

40 [oiin «m«ao#y^^>»®«**™ 

-r s ii^^acc i »3 b)tM©^ * ->**■*■ 41©^** 
»sci*Jt?*s. rttfc-fe. nt^a-cia^iWbccfc o 
# ,;v-a*j«jwsn-c^RBWb«»*»^<*io. ^© 

SKDBflfc-Ctt^yv^^****^*^*. *4C»»* 

©^a^fi't'^^^'^^ft^^fiX-rsroccMu. * 
50 W4*^R£-r5„ 
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[oi \2) **KttWtt«:*at-na:. ^nutmtm 

- 

ttasffitt i' £ o-owjrr a c £ fc-ct a. jfeSKWcH 

0"C« ^^Xi^^^ftS^^aT-CJio 10 

[0113] ffl*Pt?tt. *C*Hb£«J*H!^ 

t«ISg«^5« (EL) *^©ffl 
&*JBA/C*a#. Cft6tt»0<W*H:*M&<. 

M¥ 3-126787 'J >£ffiffl Oft: 

s Rev. B49 (1994) 14732 fc£tC«*6 
a>> y n >*»«bl«-r* C £ cc J: 9136ft *£flJt# 
U > # oJW© E L fBfcfcfgtr SCt^S nt 
l, > 4 *J =£?LS U -> > «'> y 3 x » ^ > 9 

ir^vPhys. Rev. Lett. 69 (19 3C 
g 2) 2 5 3 1 (Ctt. 5xa*H2 ft 
5Vfci#WS8*itl>4#. ±&0ftJ:^>P*-tz 

, JS it6ft*£rtW*fc*. s i teS^^***^** 
m 0 T E L $W£{ST 3 4 £ t> ^ a - 

[0 114] cnfcMit^lo^^^Sn^*- 

WMWU«OWt>«KSW't?*. H#14tt£*K«ft. o 

i> *s o 3 >es*ss . ^ - "5 assign - * ^^ss 
©s*«#»i*.'s>ft. ±auc<t^c^'J->5>i*^ 40 

/SS*£ OTffl^-2. C £*5-r-# a. 
[0115] #IMB©«fe*T-«. 1 

o-cfteo^is^ £$££ o-cttS&HiMfc*© 

IBttflKS £ =fc*f 0 . WE# 'J "7 -«W««fB*«iMWl© 
teU:SR»Sft-C*J»>. MMT (ftftO, MliS i . Ge 50 
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te«fctfSn*>6aHR3ftS'>&< i«> 1«> ©4#©*£ 
[0116] *«W©«W>»fc3R*B. 1 *t©H«t 

x**>ft6wccft e eaw s ti s # y 

or tt a£«b^©ffi#«ist£ **r o . (Wiatf 

v p s\ -cffc^WK 3 fiBrfeLfcJRW S ft-r tt * *tt 

[0117] *»9J«:fft* E L**©W*ia 1 *s iO'El 
2 5r#M0TSiBJ-rs„ il©ELfW 3S« 1 1 ± 

6tt***»l 3. fc±yi«Al®14WXM 
Sftfcfc©-?**. C©»*li3t«Ht«Sai (sh-JU 

g|K«4#9*«£iW*&ttS*- J WaW 2 3. IS 
4 tei^aAtS2 5 *Jja^«S3ftfcfc© 

[0 118] ^OELi^cteC't. *^^SaM 
& 4 »^S*s «fc * fctt«Wfta£JiKtf1-©» * 

*s-C * 4 . * - jHH jaWKfflC* 6 n» t^B» £ o 
1 9 7*^-u>^rs 
agft. yKxiss-Kmmt*, tF7-;>iitt. 

»ffc£*j£ 0Ttt. Ala, ^£'*W6ft5„ K^-tt 

^{fc-^J^W^fta. Cft^^CWfcaW** #16^ 

tc-^ 2, ^a^»*4* 6 * #6^1*5^ /* 
fel-3 0 0 nm, »* 0 < (* 5 ~ 1 5 0 n m©J»3 K 

^ia$ft?» D 

[0 119] #9*«£*m*»6fcSJB». *©wK* 

ojfjfiS-c#s„ *ft. y;wtoft#5xa^*m«»« 

K*» 0 K < < tt 2»ft*. *©±K»«ffiK: «fc 0 ffe©H 
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[0 12 0] l«itt», -fe^S « 

* ^ , ? &£*©«* <o*tw«D«»©*mc»* c t ** 

tfiOTttlTO. SnO,, In, O, &£©£«« 
ffc^, f^aAliCM^tbtBAu, Ag, Cu, 
Al, In. Ni, Mg. Ca. Sn, Pb. Mnfc£ 

[0 12 1] $ffl©EL«W. aS3~5 0Vgg 
©ESfcfcE-tfKMrCfr. 0. l~5000mA/cm J 
SflBMBtoWlEh. l-iOOOOcd/m 1 gffiOlS 

Tffl<,»*Hte. W'Jv-»l«Si. Ge, 
s n ©a»ffl»*3R««Kfc&' c ** :t * *=F-#Stffc 

cc^'^-iiiKiswssi. Ge. snvmmm 

ifc-^ISIgSr^-ffc.S-tiS&tB. fflx.{£mWW<Dm*&ft 

[0122] («^JW*#> ifi^> *^^ft«Jt(* 
tf«FW¥3 - 2 9 3 3 6 1 ^WtWKt*. * 'J ^ 

7j , 3I H -^-^fflofcW^Jtfflat^BB^s^^ 30 
c(D£*> &«£*©# y >tn«>t*9-hifii/fc 

«fc 5 {Cft^tefc <!f tc|«jS**ft4. 
[0123] *»H©*F9*»**«. 

•7 > *> j: tftf y x * * 6 o*cc c ne.oftMft* 1 6 
jg»?3n*#y^-Mit. 4mRwiMW«Mt 

* u ma* y T-a^iB^Miwbft^iBKaisfi* 4 ^ 

Kb*}?*-? h y ^XfCTKSWlSiSft 40 

©-c&o. m^mmn. ii<y ^7 

[0124] *|BW«:«**^¥a«*»«>W*H3*J 

B j»Ht±£f3& 3 1 3 2*5<fc CJf*«93 

tcff * 6 & SHWdSi 3 3 

jSOfcfc©^**. i4©l^li*(*». ^Mtt^ 

2 *5«t CJf*^«*» 4 3 =£»Xff^L/cfe©-C 50 



[0125] «WBft«KS*n*««»^*Jili <^ 
B. Se, SeTe. SeAs«ci'0«««^4*R 

So 

;U5~?A-££. ». SIS. *f->U*. 
[0127] 

<t. ^Wja^-3&sBWJ!R^ J S:^0t:ffe©^K^ i ^ L ' 

-c a: * AiRBMfc*©«ww«ai t * m o . strie* y 

*X«Wfr*X»B*r«:«feD2 0 = 2O-6O- ©«& 

hoc f-^wisti5-> y 3 >*&ft. a«s 

;u©^ltffi»© 1 %t(Tf*?'*'7 i 

-r a c t *w«i-r 4 «»©t?* * . 
[0128] ^laatcra^NiJis^s^wifeia 5 

«fcCJ£BI6*#HllL'CittWr2>. B5 0«»*?l^ 

b. k«5 i±k#7*«£W4* 5 * ■»^>ytc«toia 

JC*f U-C U -If -^©AWWIK 2 5>iS©«i68S 5 3.5 
4 mitfflJK 3 #ft©2g$SS 5 5. 5 6, 5 7 #M 3 

W4-C^<gS§5 4*6AW1--S<t. ttjlL-r*<fiSg5 

e , m»x * #sfet?*&ffi & 4 * hm nix. xmr & t . 

6 1 Jbfc#9X«£*m*6tt* 2&©#KJB9l*8£ 
© 2 &©#»B3WM8** 6 2 CC^^rM® $ * * 4 - * 
[0129] (U-lf-**) 'IMl/'f-tb 
B4 5 0 n m^HUST* 0 , ^h«T«fit©»iJ 
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[0130) chK»iyr>i«yj'5>©a**fttt3 o 

0~4 0 0 nm. *'J^?>©^ifitt3 5 0~4 
5 0nm. ^^ft>Oi«lB4 0 0~5 00n 

mtisot, «g©£> 6 ««nfc u— if -mm t tt 
o ^mnotfv xmswwzc n6©# <) > 

[0131] #*9J©U-if-3W*. U— !f-«W 

^>&6^cft6©ss£{**>6iMtR3n4*y-7 

-tti. ^JSM ; f* 1 ^*M- : F?r/M'-Cffe©^)»M^<b*S 

-IK^MIS^R^fc^©^^*^*^*'^^ v h ,J 
» * *-C-f 3 ffiBff«±3E« S^fcO, *>oC u 
W»*X««i-r*X»@*f«cJ: f320-2O~6O- 

AffA* <t * X^H^a^r 4 -> WKDTj5fS*^> 
^^-;u©^l+®a© l KfclTT?***/9;MK£*tt**£ 

[0132] *«8K«* U— !f-3R*©«*H 7 £# 
JHOTTlftW*"*. H7CU- tf-*¥-B. 
14*6*4 I'— !f-«»7 1 ©WMHC 1 *t©#ffi«5 5 
-7 2, 7 3 U— tf-««7 1 ©i^BCt «®® 

^fSUOT©l#©l&iSfflWS7 4. 7 5#SW6ftT 

i^4o coi/-f-»I7 i 4 £*cffl©:ffftfc 

[0133] 
[0134] ^ifeW l 

TE<fc*5J:t?iis3tl*«BEl/#ffi*Wt-4»^«4 2 0 
0 0 0O*-'J'>7> (El) 7 0mgfeJ:ffrF7iF 
3->->5> (TEOS) 7 0mg*i^-*2. 5m 
IKMU/c. C©«fi«*a»-C!W¥Uft*6. 2 8% 
T>^e-T7K0. 5mlii?^-*5mliOSM 

m 1 ^(CttS*t?««t«l*OrattlL»B«**» 

/Co S«z±©^^«*^fflt?«l«FlfflaKUft:a. 4 0 

1 ) £f#fco 

[0135] 
[ft 2 1 ] 
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OH 

(CHi)i 

■+- Si (El) 
I 

(CHjJs 
CHs 

4, 3 1 5nmWifiK*-'J->7> (E 1 ) ©WSIIK 

z&wfiumz ft. *"';->^> (ei) ifiVMt 

fctC4. HOOcm-WSi-O-Si^K 

x\,>2>ctamM2totc. ctx6©^m* i 6. f#6n^ 

iB^^^^XtK^'JV^^ (E 1) 

[0136] 3 6«c. C©#7;*ffl£fii©«K<£Sfl*3l 
■5 36>*«« (J I S-K5400W (CfcOSflfiO 
fc. -£©*§*. C©*"7^I«ISB?:SL, 

[0 1 3 7 J *©fl!!©»Be«S*««T©jit)t?* 

(J i s - c 2 i 5 i mm) » 3 x i 

0 6 Q ■ cm*a*.Tt»fc. 3 0 0~8 0 0 nm©^-Y 
X$IJ5%«Tt*^fc„ X«ia««:j:titf. Sitttt 
gKgH*4tf-*»»»l3*i£c*»-»fc. NMR, I 

r , TGtgffl 3 n/ctuig<*# y T-(Dwm<Dfg.fom 

*»6. * «; ■7-KLtK*»WSS»MiJ431H»fJeLh'C*S 
ci^e^ffcofc. — tk«©fcto(c:. #yf v 
> (E 1 ) ©i3f ^-^jK^PBKO. ±l2<b(Bj^c5 
30 3SS*LBcllfit£fiU c©® 

[0138] mmm2 

#U->7>(E1) 6. 7 mgr. d«y tr-jweay F> 
(PVP) 70mgfcWrF7iF+i'->7> (TE 
OS) 70mg^l^/-^2. 5mllCg»l/fc. C 
©SfjR^^S-TSI}* U&# 5 6. 2 8%T>*-7*0. 
5m 1 ix3»y-JU5m 1 &©«£i8**tn*.. ^S^' 

40 x'mmz&^Lxmmvmwmzmmvtc. c 

fcMSTtt 1 B$|fflBtf£ L,/tf£. 4 0 °C-C 5 &ffflft.i& l> X 
[0139] C©IKO^t, Xtfcffl 1 i|H]«5C. Bill 

tti«w+Kjj«yj'9> ( e i ) ^*$nti^^7 

[ 0 1 4 0 3 ttc, -e©fl6©aiJ5Ete*B«T©aO-C*> 
50 ,fc.»Sfi^(JIS-C2 15 1«ffi)iJ3xl 
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<T Q • cm^iitUfc. 3 0 0-8 0 0nm©^-{ 

a»6 . 'J v-MLhtc teW 3 Bffi eLhtr* s 

HS&W3 

TE-ftS«t?*Sti*«BgO*ift**-r*»^«7 0 0 
0©#'J->-7> (E2) 7 0m gfecfcC/T" h 5l h + 
J/5XTEOS) 7 0mgti*-'-A2- 5ml(c 10 
igftSU/Co c©«?K*S©-caH¥0&#e>. 2 8%T> 
*-T7K0. 5mlii^^--Jl'5mli 

WR±osfc*«*aatr#i i nsraawe o/d&. 4 o -cr 

S3 (3U6W3) *fSfc. 
[0 14 1] 

OCHs CHi 

■f Si+ <E2> 
I 

(CH! )s 
C H j 

5. 30 5 nm«*';^> (E 2) ©W^IK 
itas-r-5iaiRA 3 ilPI3n/c 0 *fc. c©8S©*?l«* 
^ H1,*KB r&KJ;-?-C8'J5EU/c<!:£6. WM# 

(E2) X«^gr*5 C i*»t>*o 

/to 

[0142] J/c, *©tt©WSSH*ttWT©»9-C* 
ofc. ttfUffitf* (J IS-C215 ISM*) B3X 1 
0 6 Q • cm^ix.tl>fc. 3 0 0-8 0 0 nm©^-f 
X$B5%«Tt*ofc„ X«@»rCC«£n«. S i «*£ 
B e ^cSaH-r?)f-^«IS$JJ3n^A^/c„ NMR. I 

ccoi»T«T©<fc5KOTW*tt43¥iEO;fc. T&fe 

ifcfi 2 5 4 n m©5£?i« 7 mW/ c m* ©SfefrrgrE 
mmJiWUfc. *Lt. fc^HMtthfla© 1 ** • 

fc. *©I6*. IS66W3©)K-C». 3 0«©iWM 
ItfgT' . 3 0 5 n mtt£©©iK f- ^« 
AM**!©* ft £ Jt8 U t 7 2 %"C * 9 . 'J > 5 >f«« 
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®©fc«>CC. ^'J->7> (E2) ©i*v-;U»?K*aH 
«U ±Eil3I«{C53l««±«:iie«fe^b. $£*£0"C 
JR<Jt«W3) £JfJJ5L/Co C©JR(C-3t»r. ±SBt± 

/Co ft*. «g2 5 4 nm©*$**©«iR** 1 . 

o. 2 um<Dtf7xm-&mtm-itte : i>£^t>z. &*m 

3 ©EWEife^ROiWBO - 1 6 u m t Vic. ■£©*§ 
«. tM^3©@te^)iS-^*. J: oT 

-WSSIIHtiisg-f £3 1 0 nm( ; t®©«R'R* s «SrN5teL/ 
/Co «±©«fc'>«:> 3S&60iJ3©#^*«^l«tt. 
©tf>;^> (E2) frhftZttMMSVWm&fflkt 

[0 1 4 3] mMM4 

^••;^-7> (E 2) ©THFjSjKfcWSl/. CCiSJR* 

i nsraaig ofca. i 5 o -c-c i ^wan^s b rife 
»i!H©fflt*»fc. 

[0144] t# p>ti/c«©oim • tmmi.x'** v** 

SRWciC?>. 3 0 2 n mttffiCC* Vls^Zs ( E 2 ) 

©■fr-ffcaKeH-rswRtfWflJSftfc. c<Dgl 

6. #'J.v^> (E2) £it$£UTl 0 2 0 cm-'WiS 
©»iR*rtf*UT;to*) . fr/cK Si-O-Si 
CfcC£#«H83ftfc. jRttTHF(Cjtjg£& 

o> *on**>«Mbi/fc. eft ?»©*&£». 

«JSas» t # 'J >«£ ^ s 

il/t^U->7> (E2) ©^^fflC^-Cfe*"'J->7>IM 

I o*»#f>i;f? (J I S-K5 4 0 0?«8Q) &c 

[0145] S/c. •t©fl&©*Jj£t§*ttWT©ffi9'C* 
-,/Co i*«ffitx^ (J I S-C2 1 5 li»K) B3X l 
0 6 Q • cmHTtiiofc. 3 0 0~8 0 Onm^ 
X$B5%«K*ofc. X«EI»rCCj:n«. Si»tt 

stci§H-r^f-^«si#j$n^*^/c. nmr. i 
D R, TG-c^asn/cffig^'j^-©^*©^^ 

. # 'J v-MLhKtoW 3 ffi^ffeLhr* 

CiP^6^T-*o/c„ ?f)K, tfetl/c^'^^a-alS 

S*U. *WMM«Wft©lJa • H^*tfc 
IWiciKJ:*). i«7ttt^l¥flb/Co -e©^*- 
^J4©Ii«. 3 0M©iW«ttfe. 3 0 2-nm 

W2©»JR f- ^^a^^MMmr©^niJ:bl5b-r 

7 0 %«±TS> 0 . * U 5/ 5 h« 0 "C 

C»ttl»Ci*J«lBStl?t. tb$5©/c*CC. ^U'> 

iO 5> (E2) ©if -/-iU«SBE*JJEtl3iaK5lQI« 
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icmmt £ 3 1 0 n mi^&<D^mHm^^fc, C© 
> (E2) frhte&tt$m4(DM$m*iimtm<lLT. 

[0146] |5]«{c. ibiScDfcfetc^U ?- 

;u-> iju>) (mm^fctfH 1 * 4000) *s <fc^**' 

(i^;i^><;u» (li¥W11 0 000)4 ■ 

-en-enfflo*. twJ4<tp]««cbr[DiK^m (tkK 

W *3«fcf>'4" ) %^>&U ±IBi^<|5lD*ft-ca 

%\^im^c -e©g*. tt$5^4' fcio'4- ©a 

1 0 n mtt£©tR!K*H3:Gi?8ffeOfc 0 C 

5rj<u->7>^e.^-s»[H]^ ; m)«<ti:b*5b-c^. w^tt 

[0 147]#C«C. fh7iFt->->7>U- 
-jH . 5g, 7*2 gtei^lO . 1 g<DM£<®m* 

•e©ta. a«*woujL/. #7;*«^K©^a*£<* 

gfcb, 1 0 0-C-C 4 0^18 JPjftK*Ofc. C©f*m^il 

Lfcci^i. cm*. s««hi«:J: -5 r lilies 
TIBlk^T^ $ n <D £ L mid.**}? S SS¥^# 

^i8ooo©*y^> (E3) <DTHF®mzmm 

L/. C©SiS*55£S«±«:llrt£& : *l>fc. s«±©^ 

«^ist« i BimiMfc bfca. i 6 o -cr 5 ^iHjjn 

«• ^©HX*^ h^9Kt.fctC6, 28 0-3 
1 0 n m©«WK# 'J >©* ^IK^Sf £®HX 

7 xS«l»Jfi*i^fiS3 hT^icttftofro ft. 

[0148] 
[ib2 3] 

O C H 3 

-e- s i -5- (E3> 

OCHj 
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S-K54 00W) •cWmLtctC*,mtS.2H*:ffi 

©*'5XIMB. 3 0M©MS.iMtt, 2 8 
0-3 1 0 nm©«*KiJW4l»iRt-i'?SS» i . 
«BSirtir©*ntJt«O-C8 0«tLh-C*«5. tf'JS^ 

jpj»K:«fcssMk«ia i S:ff^t:^<t^#";^5> (E 
6 . 5 #w ©^^bs wt- -f mmmw & ats* u 

[0149] *fc. *Offi©iW3£*S*B«T©a0-C* 
ofc„ <#fflffift$ <J I S-C2 1 5 t*3x 1 

0 s Q ■ c mWT"C*ofc. 3 0 0-8 0 0 nmO^-( 
X*«5%«T-C*,o/c„ X^Iel«TCcJ;n«, S i 8&*S 
B B H KJii t ^ f - ^ «WI ? n Ji* o NMR. I 

20 #i;-7-MLhK:teW-SSB*^B3fi0f«±-c*S 
CiJW6*-C*-5fc. *fc^U->7> (E3) ©ttfc 

otc#<j5/9> (E3) iiHiu^Digb^fe^w-r^*- 

ij->^(E3' ) (MWW142 0 0 0) tffl 
^fciC5. SB3Ht. *iSa©fe©tJ:t^L/'rW5t 

[o i 5oi»c. #y^> (E3) icmtmtLx 

0. 5*«96©^a-5M*m. COS^&fcTHFK: 
©^*jR*SS-C 1 B#raSl^0fc». 120W10» 

(Dmtm. (mums' ) zmc mmmb- <omm<o 

9&L^Smm^f!^l ( J I S - K 5 4 0 0WM) X 
l¥ffib/c<tC6, «|S3H-C*ofc. C©«fc5{CM»« 

M L fc*S* . * ^ *«^H-r 4 f - f »«■ ti« £' 

40 jK'J >iii©^^* 5 fcp*f]3 nr t» scitb*o 
fc. ens, Bbtttt'c*4^» , fi» s »i < y^^>««© 

m<omi^<^tbX$>i>t^X^ini>. 
[0151] Xl>X. *-'J->7> (E3) iC20SS% 

»Rj:©fWi«*aia-rienBWEofc», 12 
0 'c-e 3 0 fmiJBt&i&w b . ^ e tcss-c— sests 0 
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5" ©W^kWDlME*«»5lo*»*KH (J I S-K5 
40 o&K) rfflffiufcics. 5MK5Hrft-ofc 0 c 

u . *■ -f jRiatciSH-r «* 
c -6 * y 9 >sa©$Msawiw S tire* ft c i «>*>*» 

oft ChB, Til'S-f^rAa + ^H^WXB-C 

fto° s/*-5*©J:9tti«i*Wiiai««c. #y»^>« 

ia± s * area u o ^ -cmhic-c* * * y f 
^^©HS*!*^*'?**^*- 6 * 1 ** 

K*ffi^fc«te«:t>. rfl'S-^TJUs + f F©*£ 
3) i2 0 OIlHC^I/fc KO!ifJ'>5f 

i2o-c-c2««B. *6&aw©#y^ 
^ > - i/ -j *«£«fcR*#fc. 3 x 1 0 

6 Q • cmttitfe^fc. 3 0 0-8 0 0nmOMX 
S«5%«Tr*ofc„ X«@«rKJ:titf. S i flUSA 

{cjeHTit:-*««aw3titt*>ofc. nmr. ir. 

TGtSHi 3 ft/utufMi**' y v - ©-S««©KIS**» 30 
6 . #'J7 -«±K *» W £ 2R«Mitt 3 flBlf feLhtr ft 4 C 

[0153] mmn§ 

1 i; v h;l,©3p-7 5^=«K:^IS^b UfA2 5. 2 
g FJH>16 0ml*5<t!>^7^>3 5ml!&A 

6 o -C(c«J# 0 fc. c ©«£««: 

^nn->7> 1 1 7 g© h;l/i>^f?S3 0m 1 £ 1 B# 

oaiffliPttfUc. 3 2'J hJKOh^i>*»* 

fc. o^j^-c. mEiZZMistcm. Tie 

{l^t?*3h*»iBUWfi**TS#y5'*> (E 
4)*»fcCRfil- lg.?Wt2 7 0 0). 
[0 15 4] Sen^'J^XDlR^^MR^ 
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[0155] I R (KB r , cm" 1 ) : 8 1 5 (m) , 
1 0 2 2 (m) , 1 0 4 5 (s ) . 1100 (m) , 1 
1 8 5 ( s ) . 1 3 6 3 (m), 2 9 7 5 (m) . 
[01561'H-NMR (270 MHz, C 
, D 6 ) : S 1 . 2 7 ( s ) . 
[0157] 
Hfc2 4] 

CH 3 
Ha C-C-CHj 



(E4) 



H, C-C-CHj 
CHi 

c©#y->7> (E4) © h;Ux 53£Sffi±fc 

*»s5Ra*HaT©** i 5 o-c-cArvmtmxstc 
[0158] com mmme > ©*?f©nx^f ha 

*iW5£Ofc£C 6. **S0«4 tmWAt 1 0 2 0 c m-M^t 
fi©©HX©t«A^tlS'J3ft- »rfc«: Si-O-Sitt^ 
ifi^CtcCtifiVm^titc, t - ^?;b«KgH 

TS!ftiDH«B*Ofc. C©t*NMR. IR- TG-cm 

as ftfcflfrffii** y -7-©t *=i*s'ji*©5ji6*tttt 

4 0%Tft-?/c. Sfc. *eagio*>**ws (J I s K 

5 4 0 0JH8S) -?B¥«BiUfc£C5«£6H*7PL, MK 
©]g{fc#fg#i=>ft7c. Ch6©Ci*>6, 

T. Jn»ufcc<t6c<tor^'j->'7> (E4)ot-^ 

U ^W4<t[5]#©>r^®**7^Sl^S^)SLfc 
£#;L<bft&„ 

[0159] SSfc. *©f6©i!B©e*««T©ai0t?ft 

wmimm u i s-c2 1 5 imi»> t*3x 1 

0' Q • cm«T-C*ofc. 3 0 0-8 0 0 nmO'W 
X*«5 96fclT-r*-5fc. X«HiWC <fcft«. S i IMS 
S«c*aHi-*t-i'»«WJ5fta*»^fc. NMR. I 

r. TGx-nmziMcmmte* u -?-©««»©si£* 
a>e>. * -j -7 - athcc fc w 3 e m &±v*> z 

CiP^K'feofc. o-^^r. t#6ft^flitco^T 

ntfetw 3 £ isMstc Lxm^umm^-f s it^tt^wffls 

L/c„ -e©^*. HMW6©Sitt. 3 0M©MSM 

W^"C4>. ^y^>^> (E4) ©^-Y*iMcc$aia-r4 3 

1 5 nmWiaoiRjRt-^KK**. *5WI«art»©*ti 

i van u r 8 5 %rft «j . # y 5 >i*«^ fti5 

^.;->7> (E4) ©hJl/X>***Sa«l>. ±IBil5l 
0 *K53IS«ti:«:@ia«SL. ^ibtl (thWJ6 ) 



jsj&k j; o 9 h titcmmm 6 ©fctt. *XM<D# v ~> * 

>(E4) *6tt*MBW6©!*£tfc«bT. 

< faiir 6 1 <t o fc. 
[0 1 60] 

1 ij „ h;KD3a^7^3«C^ja^b 5. 2 

g HUx>16 0mlfci:^7'2>3 5ml£A 10 

6 0 "C(t<£f$ 0 fc. C OB^ftK jf-Sz+'J^b*^^ 
^/U^^CH3S/9>8 0g*h^>*SK3° ni1 * 1 

wniTbfcg. e o -c-c 3 s mmn otc * 

h 'J ^ Z-tozsyfrPW b* 5 m 1 %?STl/"C. 3 6 

Esau*. »6tifc***>6««*a*-r*ciK«fc 

r, filOOml ©««<!: Uc. Ch*2^h 

(E5) *»*t <«R«5. 2g,¥WI3 0 0 
0) . 

[0 16 1] #P.nfc*-';->7>©lRfeJ:tfNMRX 

[0162] I R (KB r . cm" 1 ) : 8 1 0 (m) , 
1010 (s) . 1 0 3 0 (s) . 1 185 (s) . 1 
23 4 (s) . 1 36 0 (s), 29 65 (s). 

[0163]*H-NMR (27 0MHz, C » 
D. ) : 50. 5-0. 8, 0. 8 - 1 . 5. 

[0 164] 

Ht2 5] 

CH s 

Hi C-C-CHj 



iseh^';j/7> (E5) mmmQtmm* 40 
6 ^^©^tP^enfc. c©«<«*'^ 

BtWSIo**H* (JIS-K5400W) T?«K 
4 H t-\-^rmw&^^^ c " 
[0 1 6 5 ] *fc. *©flfe©«]^»s*B«T©ai*)-c* 

,fc. WWSK*<J 1S-C2 15 1W) «3X1 
0> Q-c m «Tt*ofc. 300-800n>n©M 

SKiSH-rse-*««S!Jsntt*»-»fc. N MR . I 5( 
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* 6 # »J v-MLbtc *»» S*»JSB 3 BBrfcLfC* * 

jH«J2/5> (E5) ©*-^3MWcjBHr*«"Re- 
fc Jt«©yt*CC. **iil©* 'J'>7>(E5) 

[0166] jgftffl 8 

T^=r>^^#H»*-C2 0 0 m 1 ©*X7 5*=>Ktf 
U (7^JM^v;U» 0. 7 1?©t^?U 
>**10ml*An. Ch«LW^. 

5BMH$0fc. C©?g&K£—> + U^^JI/T^- 
;U3 . 5 m 1 <b b 5 > 2 m 1 kom&im* 

in*, max i. b#wmtijM*» mm^m^tc. 

b 'J *A*ttI*.T?!£*l,fc.__*©». 

r,jgo*tt*=rr*#yi/5> ceb) «d* 

0. 58 g. tl¥^12 4 0 0. #-S/*'J^b 
^^8©lAf7 9%) . 

[0167] »5tlffcil<y5'5>©I RfciWMRX 

^ hJi/©*s**«Ttc^-r. 

[0168] I R (KBr. cm" 1 ) : 6 3 0 (w) , 
69 0 (m) . 7 5 0 (s) , 1010 (s) . 103 
0 (s) . 1 1 80 (s) , 1 2 40 (s) , 136 0 

(m) , 1 3 8 0 (w) , 29 6 0 (s). 

[0 16 9] 'H-NMR (270MHz, C 
iDs ) :«0. 5-0. 8, 0. 8-1.4, 7. 0 

-7. 7. 

[0 17 0] S/C J-i/t^W)^-*©^ 

,;.>,> (E7) 0KS0. 4 1 

^12 80 0. ^h*J/SOiA$8 0%) . 
[0171] 
Ht2 6] 



CH s 
I 

H 3 C-C-CH, 



C H 3 



CUh<D# >J iz^XCO^t. &T© «fc 5 ft SMTPC © 



(32) 
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#<j->7> (E7) tt^atcteo-c i avtJii'Wfrh 

0T #,j.>5> (E6) o:gs«:tei»-cia>£ftHi' 
fca«:4>itf9^<ki*Jt1fLft*»-aTfc. *yf^> 

( E 6 ) (CIO JtS%©^ » ^gM*-T 1 2 0 -C-C 3 

y ^ > (E6) ». >h+fi**ta 

[0172] *«S0d9 

mmmno* y t u-t* y * y ^ 

» «b#U (7ix;W?^>UU» <t©l : 1©« 

TE-ffc^K^T «fc 5 K* -f + U ^ H * f** 1 ** 3 

(E 8 ) *#fc 0K«0 . 4 3 g . 11^^12 2 
0 0 £-i^-jr/h*->S©«A^8 3%> . 
[0 1 7 31 »6tifc#y^>©I Rfci^NMR^ 



[0 1 
6 9 0 
0 ( s 

(m) 

[0 1 
. D„ 
-7. 

[0 17 

Ht2 1 



7 4 
(m) 
) , 1 
. 1 3 
7 5 
) : 
7. 



I R (KB r . cm" 1 ) : 6 3 5 (w) . 

745 (s), 1010 (s), 103 
180 (s), 1240 (s), 1355 
80 (w) , 29 6 0 (s) . 
-NMR (2 7 0MHz, C 
5-0. 8. 0. 8-1. 4. 7. 0 



3 ] 



»&ftfc#yf*> (E8) *fflt». saiwetraafc 

Office J; 0 5£*R±«:««&iS Uic 

mmmm'zmm'c 3 h -c* 0 fc. 

{*«J6tn*<J IS-CZ151M) «3X1 
0' Q-cm«Tt*ofc. 3 0 0~8 0 0 nm©^ 

x*t*5 5<«T-c*-»yt. x«K±nii s isms 
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3&>6 *' 'J v--|jSLh(C*jW-5S!«^tt3aiBftU:-C?*S 

»^fctc6. 3 0^©**hm»h«-c*>. # ,Ji/ * 
> (E8) <DTjmmmm-?z>®i®.t--wmi>K m 
nrnmmo* n t am u -c 8 7 %-c * o *t. 

[0178] sij&w 1 0 

> ©tt*> 0 KTE< t^S-C^ Sh*««3iSb# 
tiLZmTZfrf-** 1 0 0©*'J^> (E9) 

^ffHWc. c©MW^iUrfflt^cTHFCC^tc 

tto-ewtt/fc. ^©a®«S»iS*iSS"e 1 Htife 

i). ^*©*-y^-7><ttMS^^^" C( ' s/c » 
[0179] *©f6<oaj3Ets*»WT©ao-c* 
wmmz^u is-c2i5iw) si3xi 

0 6 Q'cmHTtfeofc. 3 0 0~8 0 0 nm©-W 
X*tt5 96«T-C*ofc. X«llifrK:J:tt«. GeSMS 
JIlctiH* 3 NMR. I 

r t G-cutm snytsrre<*# 'J ^-©frtfesosis* 

ymzmmvtctcz. (E9) ©wbec 

«t 0 i#^/c*7xiMB. **»s©* y 

(E9) KtbfSbT. HiKO*«»*aC4*«« 

[0180] 
[<b2 8] 

OCHi CHj 



mfavn 1 

# -j -> 5 > ©ftt> ^ ccTia-fb^^-c^ sn^^o^Mum 

fi^t^^lZOOOtO^'J^fty (E 1 0) £ 
Bt»fc«rtB3S*W 4 J: 0 . Jnfttc J: * 

BtefBKOfc. C ©«»*««!: t^WcTH F 

©*ffi«S«l9a«S-c 1 Htr* 0 . «£*©*" 'J * * * 

[0181] JE-©flfe©9BE*S*l*«T©a0-C* 
ofc. (J 1 S-C2 1 5 B3X 1 

0> Q-cmKTTftofc. 3 0 0~~8 0 0nm©-W 
X$B5%«T-C*ofc. X*@WKJ:titf. S niSMS 

R TG^WSn/ctiflg^'J^-©^*©^^ 
ifih . * 'J v-HLhKfcW SSMjSH: 3 BBrKLht?* * 

[0182] 



(33) 



Ub2 9 ] 



I 

CHj 



mmm 12. 

mtt*wr4#y (^7>-y^v» tta^i* (e 1 
1 > (ss¥^^*2 000. * - w ? h 

+ ->S©*A*6 2%) . 

[0183] $ p>nfc^-j fts^ 

[0184] I R (KB r , cm- 1 ) : 6 8 0 (m) , 
7 0 0 (m). 7 34 (w) . 8 40 (w) . 1000 

<s) . 1 0 8 0 (s) . 1 1 80 (m) . 1 2 4 5 20 

(m) , 1 35 5 (w), 1 4 6 0 (m) . 2 8 50 

(s). 2920 (s). 2950 (m). 

[0 185] 1 H-NMR (270MHz, C 
,D,):iO. S-0. 8, 0.5-1.0, 1.0 
-1. 6, 7. 0-7. 7. 

[0186] 

Hfc3 0 ] 
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[0 i89]$fc. -e©fte<Da>JSiB*««T©ao-c* 

ofc. J 1S-C2151SW 83X1 

0° S-cmHTt*ot 3 0 0~8 0 0nmOM 
X$B5%aT-C*ofc. X«@*fKJ:ntf. SiflMS 
H a B CcSaHT2>f-i'«SgiiJ3n^^-pfc 0 NMR. I 
R, TG-CWW3nfclWB»#y^-©*&t6*©SJ£* 
'J v-MLhtc^jW 3 fiWfeLh-C** 

[0190] 

Hb3 1 1 

H s C OCHs 

\/ 

H) c/| I ^OCHi (E 1 2) 

H, CO, I I /CHs 



H 3 C-C-CHi 



C H 3 
<CH 2 ) 3 



mmmtmmc (eg) «ci osi%© 

5 % < bw«f u -c mm**-* n 5 s ft 

[ 0 i87]Sfc, *©»©aM3BKE»l3*tT®a5T?* 

ofc. f*»ffiK* (J J s-c2 i 5 i mm «3x i 40 

0' Q-cbKTT*^ 3 00~80 0 nm©^^ 

x$tt5%trrcwc„ x^HtiT^^nii. si. g 

e M^C^IST -5 f - * (HUH § tit*** -ofc. NM 

r ir. TG-dHHstifc«fis(*#y^-©tr^© 

KJ&**» *=> . * "7 -tUBcfc W 3 ffi8f?«± 

T & -5 C <b * 5 Bf5 6 ^ T d5 o fc„ 
[0188] HSIW 1 3 

Tteffc** (E 1 2) T^3n5Stt*-^>5>(0fh 

r<e*bfc. 1 eo-cr 1 oflfl8*D»u Mfe so 



;s i s u 

H, C / \ / N OCH, 



SSStMHl 4 

Tfia<t¥5£ (E 1 3) tjp^ili^'i^XDfb 
■5 k FD7 7 Xlfi±Ki* U /d£, Sfi 

-ce»i//c. -e©«. i 6 o°ct? i o#ifflftia&u *e 

ofc. (J IS-C2 15 1W) 5*3X1 

0 6 Q'cm«T-C^fc. 300-800nm®^^ 
X*«5%«T-C*-p/c„ X«Hal*rKJ:tt«. S iflfctt 

B B B «csBH-r-sb--^wwsn^^o/c 0 nmr. i 
r, TGrj»W3nfc«nBfw< , J^--© , 6r««©sit* 
# y -^-auiKtow 3 ia»f «±r * s 

[0192] 
HL3 2] 

OCH3 OCHs 
H.CO-i.— il-OCH. c£in 

H s CO- S i S i -OCHs 

OCHj OCH3 

mm 1 5 

1 ') v \ ;U© 3 P7 =7 7s 3 CC^H 'Jf7A8g *S <fcL>*-> 
15 0ml £Aft. atStiSTFa- h 
£3Sj»u r^=f>*H*4>-c3 0-c«:«j*byt. c© 
g^( C y^->t'J^^^^n->7>l 1 0g 
cyifjH-f*«K3 0ml * 1 B»BW»W-carFO 
fc*. 3 0-C-r«J$L/c. i/5"^>-t 

fc. H^ 7 ^^^ 
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1 4) *»*t (JR«0. 5 g) . 

[0193] if 6n/c#';->^>©I Rfc<fct>'NMR* 

[0 194] IR (KBr, cm" 1 ) : 7 0 0 <m) . 
8 0 0 (s) , 1 04 0 (s) . 1185 (m) . 12 
40 (w) . 1 25 5 (s) , 1 3 6 0 (s) . 138 
5 (w) , 1 4 60 (m) , 2 8 50 (m) . 2 92 5 
(s), 2975 (s) . 

[0195} l H-NMR <27 0MHz. T-feb 10 
>) :5=1. 14. 

[0 196] 1J C-NMR (2 7 0MHz. CDC 
1, ) :5 = 32. 
[0197] 
[<t3 3] 

t-Bu-O O-I-Bu 
\/ 

1-BuOv / \ /O-flu 



-BuKI 



c©#V^(EH)*>J:iyo. iSS%©p-h 
_h«C!Mi«. 1 2 0 °Cr 3 0 MlUlt, *afej§HJ3© 

[0198] *fc, -ecoflfeoiffljee^BKTojati-r* 30 

f*«fita¥ ( J I S -C 2 1 5 «3 x 1 

0 6 Q • cmtlTt'lnfc. 3 0 0~8 0 0 nm©'W 

x$«5%«T-c-*-^/c 0 x«tcinil SiM 
^c*as-r5f-i'«ssS'J§n^*^fc„ nmr. i 

. # ij -7-fflUbK*iW 43B«^B 3 fiBfJJLtt?* 4 
^ifi^j 1 6 

fgftffl 1 5 t?fflC»fc««# 'J">7> (E 1 4) 5 011 
3? T!B-(t^^§nSSSW^S1 2 0 00<D 40 
#y (^*— > + <J7 r h*f>va*-9-» 5 0S»S|5fo- 
j^p- h ;l,;t>*;u*>«0. 0 0 111»S:»»O 

[0199] ifc *O«lO«SIS*B«T©ii0-C* 
ofc. {WWBfiWU IS-C2151W) B3X1 
0> Q • cmWTr&ofc. 300-800nm©^^ 
X$B5%«Tt*ofc„ X«B»rKJ:titf. SifMS 
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* 'J v-KUitCteW S£«£B 3 ffllBf feUb"C* 4 

[0200] 
[<t3 4] 

C H 3 
I 

H 3 C - C - C H 3 



H 3 C - C - C H s 
I 

C H 3 

mmw 1 7 

W^i4*fS#'if5> (E7. S«¥«tfH* 
4 0 0 0) ©THF «BiS*5K««-hKHiaMiTbfc 

£3 U-CteBE*iH*T*> 6 0. 24 J/cm' O^frr^ 

<D\k C ©IS* 16 0-CT3 0 »IHI»BW£« 0 . 
!B*jBcS**c4«:J:»>. (fBWU 
7) *Hasofc. fcis,ftfcA*--~>*R«:oi,>TJB8r 
**«3eufctc%. «*awBi. 4 1. 
tti. 5 8t*-.fc„ c©«fc5«:. i ooBtrttcto^-c 

[0 20 1 ] *«#»Kol»T©^W£tS*tt&T© 
SOT&o/c. ftffllgtn* (J IS-C2 15 1W) 
83X1 0 6 Q • cmfeTF-Cfcofc. 30 0-8 00 n 
m©^ -f X*B 5 %KTT*o fe. X«BJfr«: «t fttf , 
S i flUli atCiSH-r SK-f BWM 3 tifc* o tc. N M 
R. IR. TG-CfcfflSftfcOTKtttfy^-OtrtB*© 
Eat** 8 . y v-fiLhtcfo tt &«ttj£K 3 BBfW± 
t»4Ci &*»t? *> -5 ft. 
[0 202]-*. tm<Dtcibt,C MWI2 0 
0 0 00©*'U (7x^W->^->VU» ©MUX 
>»«*5H««±K@<SMiT 0 8 0 'CK.1KM 0 

jr-^>^gl (tbtSWl 7) SiBfiROfc. 
[ 0 2 0 3 ] f&tfeW 1 7 * .fcCttfcKW 1 7 ©^3» 

sia. 1 o c mmtitdSLmcwm 
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£ - - > ygKc»9W«JRltt - fc© nj 

gs-cB# 'j->7>«ffl^^ ^ J ^ tfKttSi* 1 ®** * *i * 
,s jt - ^ > *«©^ * - > GCttlCT <E> ©f£* 

©HX 0 ft < ft S i ■ m3teS* & ©»#'< * - > KB* * 
ttft<ft&. 

[02 043C ©««©fi*. 1 ^ ©'<* 10 

*fc©cc*H,T. J±$3Wl 7^^-->»^>t 

«BBit 4 ^mm^ * - ^wk # * < a o fc. c 
7 ©^©cctk^-c. #ntK«nyt«*tt*»-5c <t* 5 *> 

[0 20 5]ifc, «llW«ttSaM« 1 7 "C 2 H. Jt« 

m 1 7 -c 2 bt* o . m*©£-c hmmm 1 7 

[0 20 6] IMI 1 8 20 

ftw^fr* 8 °" c - 10 ^ il 

Ml 7£B««:i/c#»JJ^> (E7) ©a**--:/* 
tfi*y-;U6 0g 1 2mlK«0. 1 

m i =&jnit. fgt-srai^bts i o, */)i>zmm 

Ufc COSiO, */JWC. ±E^f-->fit*i 
tloMUc. *©«. X*-~l> M 

u . «*-c« < ^ta. 120 ' CT 2 0 ^w**** 

iWlC«#«*Bt>T*©*#^*->**^^ fct 3( 

yt. c©^ ifma>mmm.m.^m&vfct c 513 

SHRffi-CBHr**). SiO, '/Jl/£#?S 3 
SSSSm 7©fc©«ctt'<T&flSlWS* J ffl-fcl>te. 

[0207] *«*»«:oi»-t:©««8B5eifi*»WT© 
wt^.fc. (*«ia!s* (J 1 s - c 2 1 5 1 mm 

B3X10 1 Q'cmaTt^ofc. 3 0 0-8 0 0 n 
^ >f 5 % iUT-C £> o fc. X «@Sf CC «t fttf . 

S ieWSS«c4iH-rst;-i'««*J3nft*>r»A:. NM 
r ir. TG-C»a3hA:ttlB#jJ« , J^-© , BI»© ' 
SJS*3&> h . # U -IILhtcfc w 3 ffi*f«± 

[020 8] ^JWW 1 9 

wmntmwt. ^xet) ©thf?§® 

3 1. 5nm©*'J->7>ie^fc. c©R©±«: 
**ai/tffiE#«CT*»€>0. 24J/cm ! ©^ftT' 

o-ct3 o#ra*&»*i«u *^^Pccfc^r^sio 
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5, WHTCtt 1.41. *B3fcSW« 1 ■ 5 8 -C&o 

Y A G U — If-©* 2 0 tefe* !f- 

(«fi: 5 60 nm) 3tWS»4 Or©WW 

k« tT i c 5 . «»fP u tc 
[0209] *«*a«coi,»r©««wjeis*ttWT© 

«!J-C*ofc. <*«tgtn^ (J I S-C2 1 5 1W) 
1*3X1 0 6 Q • cmOT-C*ofc 0 3 0 0-8 00 n 
m©-^ A X¥tt 5 KfcTF-C* ^ fc. X ^@tfr te <fc fttf. 

sijaiaiKjaai-^f-fBii?^ 1 ^^ NM 
r. ir. TG-c^m^n/cfiig^y^-©^*^ 

[0210] Xlfett 2 0 

fgttOT i iP^ic. ^S4 2 o o o o©# y >"7> 

(El) TOmgfeJ:^^! (TEO 
S) TOmg^iV-)^. 5ml tCjgJBLfc. C© 
^g€:^S-C«^bft*S6. 2 8%7>*^-T7K0. 5 
m 1 iiV-A5m 1 ^©ig^'^S^flnx.. ISf 1 

tsja^Bfe^LTiftiiusi^iRiaiSufc. *©a. c© 

^S-Cft 1 l^IHSMe U-rBS^RSO/ct*. ^ f - ^> if 
Utc. C©^^-^->^CO^r. ^»W17iPia 
Ka^Kifflt^r*©**^* - >?:S1^ L/ fc i C 6 . 

psw 5 mm&-c bftft'* * - >3&*wb-c * fc. 

[0211] **3t»KOl»r©««*J3e«*B«T© 

i ji^-cfc-^/c vmwm (j i s-c2 1 5 iw) 

H3X10' Q • cm^SitOfc. 3 0 0-8 0 0 n 
S i gfc|£||K4aH-r-S£-*Ba« l J3ftfta>ofc. NM 

r. i r, TG-c^tb^n/cSuK^y^-©^*© 

SJt^^e , 4< y v-fflLhecte W -BSRW^B 3 fam«± 
[02 12]l?ftW2 1 

0 f*#ys<'^> (E7) ©THF«fiBEft«WO. c©?i 
tc. 0 8©A^ItiS{Kfg)l7K^T* 5 6 5 J /c m 

/c 0 se>ic, i 2o-c-c7 oo^mmm^'cm^irMt 

*©«. R*SP (A««) *J<ktf*R3fcaW£-€- 

n-en^m®8 2. 8 2^lfUc„ c©wf4^o 

l^T. ±T©^*ffi8 1 -*«S8 2IHHC2 0 V©«E 

1 0 5 Q • cm. IBftaWttl x l 0 ,0 Q • emtio 
50 /Co 
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[0213] *«#»Kot»-C©MWJBIS*tt&T© 
iDTAofe. *«*gft* (J I S-C2 1 5 1IW»> 
B3X10' Q-cm«Tt!*r)fc. 3 0 0-8 00 n 

>f x*» 5 jtarefco fc. x n« . 
s i«tsjiKiBH-r*t;-f««fii3nft*»ofc. nm 
r ir. TGvn&2titcmm&*v-7--<D-emm(D 

sit** 6 . y -v-MLhtctoit S3R«j£« 3 WTrfiU: 
[02 14]«ftW22 

fflt»fc«*B9 4iJ:c;iai 0 (a) ~ <d) £#Mbr 

(SLfc(0 9feJ:y'ilO (a)), 5«C. tf'J'>7> 
(E7) ©THF*»*i«l>. C<D^?S*7*'J>h» 
^9 10^®CC^ffib-Cli9 3*JtmOtc (HI 0 
(b) ) . aw»-C. Si 9 3 ©itCBfiE©^ 
57X^944111/. ««i*«9 5*^f 9 4 
£ab-C!is|1I@9 2 ©fiRi«fel^©««*C*i1«*fla« b 
fc (0 1 0 ( c ) ) . ?6(C, R9 3 ©±K >; - F 9 6 
«3nfclfM9 7 4, y-F9 6«rffl«ffi9 2 20 

-C7 0 0^MJll*Org|9 3*yMt3*fc. CCDife 
m *^gP»<Sffifn^9 3' . «*SIJW1«1SSR9 
3" itt*. y-F9 6i«W«9 2i©IB*J«t 

tf*©te©««©«?afta9 7i7''j>H«li© 
f^«^)iS9 3' . «StnBS9 3" -CffiS«C«tt3n 

[0215] fl^hfc^J > hge^s^co^-c. »s 
« 9 2 iS^-g|5a n a9 7 © - F 9 6 t <D!B<DfflSfflR 9 
3' (mflW^ffl»4mm J ) ©ffiCvSri'JSOfri C 30 
5, 3Qt*,fc. m-?-a5 D a n9 7*7-'J>hai« 

[0216] *«#»Kou»T©««Hjett*ttten r © 

jlD-r-*>o/c 0 Wjtffitn* (J 1 S-C2 1 5 ligSS) 
U3X10 1 Q ■ cm«K*.fc. 3 0 0-8 0 0 n 
m cryv ^ 5 %WTt*o 7c„ XWJtK «t fttf. 

s iat*ss{c6H-rst-*««aJ3ntt*»oA:. nm 
r ir. TGr-gcmsn/cBuiBft*' 1 ^-©^®® 

5. >I<y=?-IILhK*iW*3B«jaB3aBfK± 40 
[02 17] *S6#'I2 3 (EL*?) 

J;t>V^Jl/*4W^^* -, ^>5> (E7, S») . TIE 
<tf^?n4*^7> (E 1 5) . *fctt#U 

(7x-)Wf)^^» (x. mw\) zm^~c. 

[0218] 
Ht3 5] 
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0 C H 3 
I 

+ Si+ ( E 7 ) 

I 

C H s 
(#^S 2 8 0 0 ) 



0CH 3 OCHs 
| I 

-€- Ge e Si^ 8 (E 1 5) 

C H 3 CH 3 

(^1 2 5 0 0 ) 



+ s, + <x) 

C H 3 

(#:pS4 0 0 0 ) 

<**M2 3 - 1 ) : tf^Xgffi 1 1 ±K*-Jl/ttAS 
SI 2 i L/T I TOnm*fcl&0tcb<D*, *»0fc-( 
y 7*D f^T^^-^^CAtir 1 #R3© : Bi£i5fc'#**T 

> (E7) ©THFg'14 1 0 0nm©13!Ct«l. 
3*»H»TK:tel.»T 1 2 0-C-C5 0 OWibt^ 
'JV7> (E7) *yWk3t> ^'^Xffl^SS^fMb 

c©#?x«^»ib. f6*» i 3 tu-cmm-rzt 

4. CO^^^a^BLhCCia^JfCMs : A 1 = 1 0 : 
l©Mg • A 1 £#£7 0 0 nmCDm^icMML. M-T- 

(el*?) *fp»uyt. 

[0219] &*$. 16*11 1 3 *«RR-rS*^^1«^BI 
(co^T, KB r£K<fc^#tt«RiR*'*2 h;I/*»J3E 
U/ciC6. 1 000-1 lOOcm-'KSi-O-S 

i ^iciBHT&iKilxaWJ 3 ft/c C©*"7XS^i 
(COC»-C. NMR. IR. TGX'WmZtitcmMW*') 

-?~(D7)i?* s^s©kfc» 6 . # y v -«JtK 

Vhm&gj* 3 e0rfc*±"C* 5 C t ifim h -> fc. 

ttix^zct&mmztitc. <*p>ec 4 

tsi-s iis^^fiS-rss ii^xpsr-sii 

fc iC5, cOi^4Si jsmmstfctt o . 1 

) [0 22 0 ] (IWJ23 -2-2 3 -5) : *fe*»© 
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JPSRia*«TO«fe 5 KSMUfcfcW»0W»2 3-1 * 
fiBSK . 12 0 -C-C 5 0 0 90ttHN«»(C i0t;'J->7 

> (E7) 

3 &*C«E*«*T*»& 1 0 . 5 0, 2 50^di250 
OmJ/cm' ©B #*C*rt«*M» 0 fc. 

[0 22 1] (WIW2 3-6) :#yS/*XE7) 
©ttfrOCC (E 1 5) S:»»fcK>HJ^» 

W2 3 - 1 i|BHiHCOtE L«T-*fW03t- 

[0 2 2 2 ] (HWJ2 3 -7-2 3 -9) : f&M<D 10 
JB«ia*«TOJ: 5 CC^HL/cJiW«^WI2 3-6 

^b*©jjo«si£* i e o -ckse o. aa&isra* 3 o , 

300^cli3 00 0#il^'J^> (E7) *V 
[0 22 3] (tt«W2 3) :*'J->7>(ET)©ft 

?cUmxnmM2 3 - l £R«ecL-CEL*?-*fEHl' 
lTOiH§A 5 + 1 0V£tt*«fc5Ki£*WI*EPlHU 2C 

(**«fi«:*f j&r s ) . & 6 mam* io-'iooe 
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«Ftt*S £«>TTBB^ 1 CCSsT . 

[0 22 4]«i©tt*cc-3C»r«K-i-*. sr. 

«23-l-23-5Kf@t4i. 

ftt^**^- £ OIBKttKTOJ: 5 C 
£**b*>4. igjW'fc** 
tfjj[]i£ fc*C. (**6W2 3 - 2 . 2 3- 

3 ) *©»WPO (HSS1W2 3 - 4 ) . *©«E 

**iwwstia<«eo-ci»a <^tt«2 3-5) . c© 
mmicmL-ctt. W50mJ/cm ! 
xms&m < & * c ± k<* o t # >; ^ * £ aaux? 

*fc, HJ6W2 3-6 iHfifi^2 3 - 1 t©tKB*> 

h * w 5 > £ # y y * v> £ ©its^-c^fs** 

23-7-23-9 (DUMiPh. I 6 0 'CCCfcW £351® 

B#©j]n^B#Rs^s< fc*£. $BtitJ.&:£** ! < f -a«W« 
o-cc>sc cti». i 6 o •criiUn&BSffl 

[0225] 
[«13 

















c d/m 2 






V 


«J> 


m J /cm 2 


• e V 


to»j 


looiaiflifc 




E7 


120 


500 


0 


3. 0 


50 


4 5 


as«Wi3-2 


E7 


120 


500 


10 


2. 4 


50 


45 


wmn-'i 


E7 


120 


500 


50 


1. 6 5 


49 


44 




E7 


120 


500 


250 


2. 0 


30 


25 




E7 


120 


500 


2 5 00 










E 15 


120 


500 


0 


2. 5 


40 


32 


j«awNi?i-7 


E7 


160 


30 


0 


1. 65 


43 


37 




E7 


160 


300 


0 


2. 5 


39 


3 3 




E7 


160 


3000 


0 


2. 8 


35 


30 


MOTTO 


X 


120 


500 


0 









|»]2 4 (EL«T) 

011 (a) KSVfcfc^K:. #'9X3St51 1±CC#-A 
1 2 £ 1 T01i%Mtfci, 2 

Ant i aimmtamtft ■? tc. c ©** 5 * a 

«/ I T OtlK^'i 5/9 >( E 7 ) ©T H F 8tt« 
10 0nm©W3«cSMiOfc. o^T. HI 1 1 (b) 
K^j;^. ; }-;'j->7>lO4RC0^B. C, D© 
ffilfttc. {SE7KISWA^RfT^«©-7X^*abT. * 



n-emo. 5 osfc«:2 50 o m j/cm ! 

*JR»tU-Cl»ftCO . "I 2 0-C-C5 0 Oftflflftl 

jfcUT#yf5> (E7) *yjwts-s. Mii3i 

&*#5*«£R*Jf*fiS0fc. Sll (O .tc 

StrJc'JK. ^5^«^«±K»^tk-CMg 'AIM 
%7 00 nm©W3KjR«Ufc. cn^±lBITOm® 
t ^ 5? - > £ igJ^-T Sffift 2 *©X h 9 -< ■7't*ciC''- ; ^ 

50 btELMWbfc. 
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[0 22 6 ] CCDEL**©A~D©&TOC1 0V<D 0 C H s 

jtijS«jE%Eifljni/-cEL!t$tt%a' > <fc. -e©M*. am ^ s i (eh) 

i^»#fefs*. B««t?»i»a«3i6. c**?»*e I t*m 2000 

c (d«««k ** w a «**b«k * fc BSfcfl: 0 r -r 

4Ct#t«. ° CH3 
[0 2 2 7 ] HJSM2 5 (EL**) -4- G e -4— (El 6') 

^mmm^xu, ^)^>mtLxr^t^ 7 n f ™ 2 0 0 0 ) 

^^>(E16),^^XE1 10 X\ ( ^ ft20 ° 0) 

6' ) (E 16"). #yf?> (E L^J 

7 s») . #y* , ^> (E7' ) ifcB^y^*^ 

> (E7" ) Sfc'i^tjSOTTlBtt^-Cm OCHs 

StiSA 1 q 3 *Wl»-C. HI **ttH 2 ' n ( E 16*) 

to 22 8 ] <»«« 0 0 0 ) 

OCHs 
20 I 

-f- S i -V ( E 7 ) 

CHj (^1 2 8 0 0) 



OC H 3 

I 

-f Ge^ 
' I 
CH 3 



( E 7 ' ) 

1 0 0 0 0 ) 



(E 7 ' ) 
(#*ft 2 0 0 0 ) 



[0229] 
Hfc3 7] 




5 - 1 ) : 1 1 ±tC*-;U£A* 

gl2i0t[TOlS^MUcfe©?:, 

> (E 1 6) 1 0 Onm©Jf§0Ci* 

L aBR#H«T«:*H,»-C 160-C-C10 #P B «L--C 
#yj^> (E 1 6) 
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mti>. cotf^a^KiKJS^tb-rMg : A 1 = 1 
0 : 1 (DM g ■ A 1^M70 0 n m©J?3 
*7-fliA«ffil 4*Bfi£l>fc. CCDi^iCL-C. B1K 

[023 0 )4*5. C Ctf6tifc*'^lMtC5^ 
r NMR. 1R. TG-Cl^tXTcMIBfttf'Jv-© 
7 ;l3 * -> jWI©JRJ6** h . * 'J ^ -tt±te*i W SSR 
»^#3fiBfKU:"C**C £**P!fc*»tNfcofc. 
4*©»S^^S i - S i S i 

«PSfSlWciC^, c©«fcS&S iJtfHilStfc 10 
BO. 2«OTT*4Ci#t)*ofc. 

[0 2 3 1 1 (HJSW2 5 -2-2 5-6) : tf-;^ 
> ( E 1 6 ) ©ttfc>«3 K. * 'J y^v> ( E 1 6 ' ) . 
*yx*7"> (El 6" ) . #yf5> (E7) . tf'J 

(E7* ) . #u^*^> <E7" ) **n* 
nfflc>fejj«i-BjW«2 5 - i tmuichxm 1 k^-t 

[0 23 2 ] W12 5-7) :#S*S«2 1±«: 
*-jUffiA«S2 2 i UT I TOli^l/fc^© 
*. »BUfc-f v^o^T^a-^KAnt 1»IB 20 

ffi±CC*y*>7> (El 6) ©THF«K*10 0nm 

©ISKifliL. SHR#H»TK*5<,»r i 6 o-c-ci o 
^MiOt*'^^ (E 1 6) S^MbStt. */? 

£7x 1 0-' t o r r©Jl£TCt*5^-C0. lnm/s 
ec ©fRMaS-C5 0nm©J53KK^»L/c. C© 

tc JMT-tb-CM * : A 1 = 1 0 : 1 ©M g • A 1 
7 0 0nm(Dl3KHL «^ttX«2 5*J»SC 
TC C©J:5KUT. ^K^-TELfRT-SrfFMUt. 
[0 2 3 3] 4*5. cC-C»6*ifc#5*ate««l,» 

-c nmr . i r. TG-cmnztitcmmft* >)■?-<» 

[0 2 3 4] (3U6W2 5 -8-2 5 - 1 2) :#'J^ 
7> (E 1 6) ©ttb*)K, *'J^> (E 1 
6' ) . #UXir^> (E 1 6" ) . #'J5/9> (E 4 
7) . #y*';i^> (E7'- ) . #'M^> (E 
7" ) %*n*hffli»fc«W*»»W? 5-7 ilU««: 
bT0 2 Ocm-T E L JR^fcfBKOfc. 
[0 2 3 5] (HJSW25-13) :^Xlfilli 
cc*-;uaA*ffii 2 <t L/"C I TO«**»SR0?tt>© 

fiiffiSaSls^tT-jA:. Wc. C©*/9**«/IT0* 
©±CCii<y^7> (E 16) lwt%, A 1 Q 3 0. 7 

1 0 0 n mOWSK^L. SSSfflMTKfc^ 
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-ci 6 0-c-ci o#p B t MLT*' , ;-> ; 7> (e 1 b) * 

/e. C©A 1 q 3 8£#-5 3ib 

c©#5*tt£«LL«cjimtrMg : 

A 1 = 1 0 : 1 ©M g • A l-&£*7 0 0nm©i?iC 

a& u . *^aA*s 1 4 ufc. c © j; s «c o 

[0 23 6] (*^'J2 5 -14-25-18) : # 'J 
->5>(E16) ©RtoO fc. W> ( E 1 

6' ) . *y*f ^> (e i 6" ) . #ys/^> (e 
7) . *yy;uv> (E7* ) . *';x*y-> (e 
7- ) z*ti*tim^idm\*mmm 5-13 iisHt 

4CL-CH 1 (C^-TE L*^f *f¥»0fc. 
[0 237 ] y±©<fc^ltffS?WcSEL*TK 
-X>T. 1 TO«l*+ 1 0V£fc*J:5«:*flMflE* 

amou e Lm&zmm ore *7JW*5<t^ 

1 0 OBSnfl«©«K*8W5£kfc. S^tttHOfltfiRfc.fctf 
E Ll*tt£ * i^TTIH^ 2 4C^-r o 

[023 8]i2^6, #'ji/7>»ti4KAU. 
*#fflUfcWt«2 5 -7-2 5 - 1 8©EL*KB 
»K#|t!±OTl»£C£rt*tort»S. A 1 q 5 fi-& 

^5^«^il**rr*«*«2 5- 1 3-2 5- 1 8© 
E L W^ttte^Stcfth-t l»4Ct***i. 

[0239] 

[*2] 



(40) 











A 1 q j 






3«fi«25- 1 


E16 


- 


50 


40 


2 


E 16' 


- 


45 


4 1 




EH" 


- 


40 


37 


fiigW25-4 


E7 


- 


40 


35 




E7' 


- 


36 


31 


HJSSW25-6 


E7" 


- 


30 


26 


^6^)25-7 


E16 


» m 


180 


160 


3SH&fW25-8 


E16' 


at jb 


1 70 


1 50 


3H«0l25-9 


E16" 


ss b 


150 


120 


3Qt«25-10 


E7 


a m 


160 


120 




E7 - 


w » 


130 


100 


SOSW25-12 


E7" 


a « 


100 


80 


SUWM5-I3 


E16 




150 


148 


3lffi{*l25-14 


E16' 




140 


136 


5J&E0I25-15 


E16 - 




120 


110 




E7 


& £ 


120 


115 


'*ife^25-17 


E7' 




110 


1 07 




E7" 




100 


90 



^.mnmc*s^x\t, *• u ^7>«i i,-c^*w 2 5 -c 
ffli»yt#u^> (E 16) . #yy^> <e 1 

6' ) . (E 16"). #U->^> (E 

7) . #yy;l^> (E7' ) ifcB;ifJXft> (E 

7" ) mm^SLWitVjxmi&v tfxx^r=--> 

(ZnPc) *teBTKfbfl«trS%«tl*^^0*7'> 
hT>bn> ( D B A A) fcffl^T. a3Sfct*a4(C 

[0 24 0] 
[<t3 8] 




(K5KW2 6-1) : T)VZ^mm3 1 
(ZnPc) lomssp. #Ui;i*^5-*5ti 

PlSUc. C©«f39*±iB7^5-OAffig3 l±tC 
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0. 3(im©lil^i3 2?:flSUc. #>J'> 
7> (El 6) Z0MI*fif*i-^ 8 °** 

[0 24 1 ] cc-c&&ftfc#5*»£*K-3«,> 

-C. NMR . IR. TGrSaStifcUiltttf'J^-© 

[0 24 2 ] (HJfiiW2 6-2~2 6-6) :#'J^ 
> ( E 1 6 ) ©tttoO *C. # 'J ( E 1 6 ' > . 

(E i 6" ) . * y~>5> (E7) . >*sy 

y;bv> <E7" ) - *'J^^t> <E7" ) **n<e 

ttm»fc«flttis»W2 e - i ira«(cu-cH3cc7js-r 

[0 24 3 ] (HJ6W2 6-7) :7^5^9Ai«4 
l*8*Lfc. *';->7>(E16) 2 0S«§P 

fc„ c©««*-kiB7Jl/ 5 4 1 ±K^-=»- 

* -«: «fc o «£f& nfc«. i e o *c-c i 5 ity 

jWtS-tt. Ill 2 umO*7^1*6ft5iM 
j£»4 2*JfaSl/fc. l/t©^ 
P*7>FT>hO> (D BAA) *<)^-y 

> (e i 6) i om&m5£Vis*?>i<z--7-fr8^om 

mm A: 2±K7^~'WC<fc*)?£ : ffiLfc^ 16 0°C 
to -CI 0»MJfflJ»b-C«Mfc3-&. ISWO. 3/im©« 
^»4 3*J&RS0fc. C©<fc5tC0T. H4K7n-r* ; f 

[0 244] f^nfcSf^*®**" 1 -^ 1 -^© 

#*»*«^tt«*«a <JIIP«SUH. Model S 
P-42 8)*ffll». X>fof*lSt!3 0tS« 
U. BWfCl»IIB«»bft:«. MS 2. 5Jl^*-CSi7£ 

~2 6-6^«-5kV, SB»«2 6-7tM*+5kV 
40 £b7c. C©S»«c«t»3. SMMStti (V 
, ) fc«fcCH#lfflB§^3tffc£*©aiBWft (V, ) 
4 1 / 2 t,C$m 5 1* * OK'iMI tittHA (Ewi ) * W 

it, Sf^?Wi*#*PPC^S Leo 
d r y 9 2 4 0 ) ©>©* F 5 Affl~> "J > #Ctte<3 ttW 
t, 150 Ottoa^^tT^o/t®. ±3B»SBF?*K3* 

«ia«cj:*)»a«tt (v, ' ) cne© 

50 [0 24 5] 



.#53¥8- 2 9 5 5 3 7 









1/2 
1 x • s 


" Vr 
V 


V r' 
V 


1 


E16 


ZnPc 


1. 2 


- 1 


-5 


**wm- 2 


E16' 


ZnPc 


1. 2 


- 1 


-6 


mmw2b-3 


E 16" 


ZnP c 


1. 1 


- 1 


-4 


W6W26-4 


E7 


ZnPc 


1. 3 


- 1 


-5 




E7' 


ZnPc 


1. 2 


- 1 


-5 


HJtS^26-6 


E7" 


ZnPc 


1. 2 


0 


-4 




E16 


D B A A 


4. 3 


+ 1 


+ 10 



*^li-r-ffl^^';->7> (ED somgif^ 

j^.>->7> (TEOS) 80mg©i^"«I 
3. 3ml?:3 0-CrWLW6. 3 0%7>^7 
7k0. 5mltif/-^5mli«)l^W. 
SS-C 1 2 B^WPbfco £©<§$=£ 1 c m x 1 c m x 
3 c m <D53S#7*-kM£A^ 1 2 0 *C 

r 3 0 fllWllPfc #7 20 
[02461NMR. I R. T G-C*W3ftfcff?IBf*# 

■ ; v - ©-gueaosie** 1 % - # y -*Lt k*» w * * 
[0247] ffenfc^^^^-fe^^^^^ia^ 

u _1f-©*3iS««E «fi3 5 5nm) £5 0 0kW 
/cm 2 ©f-^^-, ««JiEUSiHRl 0Hz. * 
fift&M 1 0 n s e c vmM b . 3 ^CO*IR»*^5e»* 30 

acei/te. *©«*. z c " =3x10-' (esu) t 

jUS/^>©J*£itb«Ut: 1/4 0OTt*^C 
[0 24 8] H»J2 8 (tm&Jt^Wkl-) 

mmmevm^tc ■saiitf-^ y :/b*->» 

=&^Tr£tf 'J'>7> (E4) £7*V*Ut7 -f JUA5rJf$ 
l&L/c. C©7 ^ *A*Ml»««fcAnfc6 N©*M* 

#h«t©* * i & o ■cc4BSiHin*ii/fc. £©? ^ 

A©*»lR^^^l-^K l ' /cic5 - 1 0 20 c 
m-M13fi©^iR©iiA*«$n. SrfcKS i -O-S 

i ic "«fc ,t# y > ( E 4 ) © t - JU£##W L 



x»nsr«: . s i ansaccgH-r s f - * B««J 
sn^ofc. ja*9H R^#hAT»s i - 

S i ©WRaWRfflSft. I R*^ h^t?ttS i -O- 

s i {ceH-r-&©nx* s SB«'jsn/c 

[0 25 0] f#<E,n/c**^^«^W4?rfilffl^^* s ^ 
i-r-SS5giU, QX-f j^YAGU- tf-©^3H5l@ 
ft (?SS3 55nm) ?:5 0 0 kW/cm 2 ©t-?^ 

3^©*«^^JB»*»J^^t. ^® 
jg Si z c 33 =3 xio-' (esu) iC^ffl*5f#6tx 
fc 0 *ffc. 2 0 00 0@ISJgOfcacc*iC>-rfc. *iR« 

flH,>7c»££Jt«0T 1/4 0«Tf*ofc. 

40J^7> (El) ©«*>») «CTKffc*SCt?wSn4# 
-;yjU-7> (E 1 7 ) ftffl(,»A:JetWi^«0 l l2 7 £Pl*t 

[0 2 5 1 ] NMR. I R. TGnfWStlfcwilBflE* 

[0252] 
Ht3 9] 



U QX-f v ^YAGU-1f-OW3*iliS <»S3 5 
5nm) £5 0 0kW/cm 2 © fcf- f ^-TBSJI 
U 3*©?l«7n^ifc£?9J^fr 0 *©*§*. * 



(42) 



«" =3X10-' (esu) iuW#6Wc„ S 
fc 20 0 00B*MO;MftKtol»Tt>. WW***-* 

ltl/3«K*-3fc. 
[0 25 3] HJ6W3 0 (JW»*?*f) _ 

UJ/7>*1^ ( E 1 8 ) tffll>fcWttSai«2 7 * 
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[0 2541 NMR, |R. TGt?JWJ3n?tWIB## 
3 figf «±f * * c <t tfiW o /c„ * fc . 

x«ii*r k s i sMSstcea-r * * - * 
8hft*-sfc. 

[0 25 5] 



UUO] 




^ 3r ^7U- ?-©SI2«P3?& (««4 0 0nm) £ 
;^«1.0 0 7*Ah» (100XlO-"#) - » 20 

%tfofc. *©*s*. 7* h>i3-cDiatf.B#ra^8o 

ot 'a# (8 0 0X 1 0" 1! #) T*SCt***"J 

[0256] mum 3 i 

#Ui/9> (E 1) 8 Omgif h7Xht->^> 
(TEOS) 8 0mg©i*^-^i3. 3ml£3 
O'C-Cfltffb&tf'fc. 3 0%7>^7*0. 5m It 

*«ofc. cn*f£*a. loo-CTMoaiuranau-c 

[0 2 5 7] NMR. IR, TG-cmWSft/cB'jfif** 

3 «9f«±"C* 5 C i #91 6*>-C* -> fc. $ fc. 
X«ftK intf . S i {MSftKSHT* b '~ * 

[0 2 5 8 ] COlStfcl'^*!-*^** 41 '^* 9 * 7 * 

fc#tt<D*«KBB6* -f * ft 40 

*>\ 5»?fiKO*SB lOOumi Lfc. 
[0 25 9] a*j£i&5 7©fl-»C7 * h *V *- K£S 
*ig8§5 7^f>©ai^^'^--^^ 6 ^ T<D 



YAGU — «f-©JB31«W« (SS3 5 5 nm) 450 

okw/cm 2 ©t-^^^-TAftrLfctt^. afifins 

U-Hf-©»3il«|jfi (?ftfi3 55nm)£500kW 
/cm' ©t-i/^V-tAStlfc^ 3 

e> Ei*r# *««i-r & c t *i-c # fc. 

[026 0 ] fE»J3 2 ( U — 9*-**) 
TE<t*5S"CS%S*i*#y^>ft«^» ( E 1 9 ) 8 
0mgifl-7ih^> (TEOS) 80ms© 
i*y-;l«3. 3ml*3 0'Ct«bW?». 3 
0%T>*-T7K0. 5ml txiry-jW5ml t©« 
SltM 2B*m«« : Ofc. C©»«%1 

MKJ:9^$*l&*l^^^°tt^:t#fc„ c©# 
5*«£Wf^»iRtf--2ftSW:3 3 1 nm. 
BlOOnmSS, |8#K-**fitt3 7 3 nm. 

[0 26 1 ] NMR, IR, TGT-mtil§nfcSulg#* 

ij v-©wfii*©sit;^*^. * y ^-ir±«:*jws?r 
3 mmu-t-c h & c t 6*>-c*> o fc. * it . 
x«/t(c j:n«. s i msnKiBB-r & e-* «»i 

[0262] 

nun 
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1 7 0 0 0 ) 



-7 2 (JgSran 0 0 96) fc<ttf 5 7-7 3 (S*t*4 

o%) jfcj&ftaSMMHcBWo. cne©5^-7 

2, 7 3iI^t5<t^Kl»(D^i (fetf) *S 
wit. COU— !f-««7 lie. Q^-f^Nd" :Y 
AGU-lf--®***** («fi2 6Bnm) 3r>V> 
F # ;u U > X 7 6 "C Jg# 0 T HR84 U fc. C ©©i® u - 
f-j60f-i'^9-lil kW/cm' . ^9iIL,Ji?& 

(Dgm Sg3 5 8nm© u-lT-SHR**«WS itft. 
-7-»5W/cm' -Cifeofc. 2 00 0 00%}! 

^tofflSB. v-tf-««i or* 'J t^*s^> 

[0 26 3 ] 3CtC. «T© J: 5 K tti 1 3 K^tJ: 5 

7 3i&4Mltbfc. COi#. -7f©5 7-7 2 
©KS**** 9 5%. ItiJ*© 5 7-73 ©ES4*# 6 0 % 

O1 2 0 0Wilff^y>7^7 7, -/yXA7 8. 
a ^M-79, teJ:^2xy>F"J*JH^>^7 6 

*^©M7''JXA7 8teJ; o'^ra^ $ - 7 9 r # 

^-r-SCitciO, »[fi3 5 0nmO*t#»H/^ 
-*«*2 5 0 nmOBfi*tU-^*»7 1 (CM« 

rs.fcSctiESOfc. c©v«?*--y©^**« 

2 0cmx8cmx5 cmr*ofc 0 C©«fc5&'l>3SU 
— f-r1SS3 5 8 nm. ;W-3 0mW©l/-f-* 

[0 26 4] 3 ( U-lf-*?-) 

Uttfi 6 rffl^fc. ■»* t or * - j/ + 'J h 

'Jf 5 > (E4) t^UXUt7^At» 
t £ fc Kff * A 0 . S&r 2 H HflftS 



10 »HSIT©* * 1 5 0 *Cr 4 BtPHlttl^ Ofc. CC7^l^ 
A©#n?RJK*^f biU*«DEU*tiC6. 1 020 c 
m - , -Wia<DiRitSl©itA^«« l JSn. ff^tcS i -o-s 

ittior* 1 ; v-5> (E4) ©t -^ji/StffMBo 

©»iR£-*iftfitt3 1 5 nm«a. ¥ffi£te« 1 0 0^ 
20 nmiS, 3 6 OnmWifi, 

«4 0 n mggt * -3 tc. 

[026 5 1 NMR, 1R, TGr*tHSftfcHil8B{*tf 
■; v - ©fr«B*©Si£**» 6 . # y v - «Lt tcfa w 4 S 
fi|i*5 3lsm«±r*€)C £*sB^6^r4>ofc. 

XftBtftc «fcn«, S i flMSSKiSH-r* 
an&*o?c. *Jfc. R*-^ hJU-CBS i - 

s i <DW.mmmzn, iRx^^h^tasi-o- 
s i icmm-r^m^mm^titc. 
[0 26 6] nhti-tciJvzm&tm&y' -?~®»t 
30 hxmiK mi 2*cw-rE«t?i'-^-«»*«* ;fc - 

(jftfi2 6 6nm> ffl®^© f - * ^ V - 1* 

5 0kW/cm ! . «»3jgOja88K«8 0MHz. ^Jb 
0 f s e cr&ofc. U-1f-»iStt#©|g 

Uc «U-f-*®e-i"^-»l OOW/cm 

j -cfc-^/c *fc. zoisraisJiofci&cfet--*^'? 
40 «un/i2eiTr*ofc. 

[0 26 7] IWJ 3 4 ( U-if-** ) 

Tia^h^r^§n-2>4<u^-7> (E20) ^m^\ 

Oi/7^«^ttfKO«iRt-i'ififi«3 3 4 nm. 
g«tt9 0 n mil, «36K- 3 7 5 n m, ¥ 

tt&Mtt 4 0 n mggt'*ofc„ 
[0 26 8 ] NMR. IR. TGr»HJ3nfcH'JIE(*# 
-7 -©*tB*©Sl&**» 6 . * 'J -r-«±{ctj W & 55 

50 x^@}friCctn«. Ge*tt*tceH-r4t-f»*«»J 
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[0269] c©#9*a£#tt*u— v-unthx 

^iUBNd 1 ' : YAGb-f-©I3BIi ($S 
3 5 5 nm) fcffll^C j"<tf-t*5 kW 

/cm 1 «»JiE0HilSg»«5kHz. /t;U^teB2 0 

OH OH 
I I 
(CH 2 )4 <CH 
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*3 0W/cm J -C&ofr. Sfc. 20 00 0[5MOfc 
ftKte-^^-Bl 5 XHWWtly C© 
#{t©gKtt. U-1f 'Mt«i UT*S»©* 'J 

[0 27 0] 
Ht4 2] 



6— G e -^r- 

(CH 2 )5 
I 

C H 3 



I 



— 6— G e ~~3m 
I 

CCH 2 ) 5 
I 

C H 3 



cor' 



- Ge ■ 
I 

(CH 2 ) 5 



(#TS 8 0 0 0 ) 



# >**=ff* ( E 1 9 ) © h J^>tM 1 c m 
xi cmX5cm©5»7XtJWCAft. XSSil 
fc 0 C<Dfi^*7XtM 3 7 %^JU7 >J >*«te £ 

g i$/-jH. 5 ». *2gte«k^M0. lg© 

a^«j«*s«t? i . 5 usra«# uta. *38few 

ftflNKR Ufc. 6 < b • 1 0 0 "CX- 4 0 ^ 

[0 27 1 ] NMR. IR. TG-dWHStifeWKft* 

3 «m«±-c* * c t *«w 6*»r* o yfc. s fc. 

[0 27 2 ] C©*7Xl^^U-1f-iIi^ 

01 2^^Ties-cu—tf-^ ; £W^» ®& 
^tb-C«Nd 3 * : YAGU-1f-©S4iSra»ft <«fi 
26 6nm) ftffl^fc. W3*Ot-i"<f-Bl kW 
/cm 2 . «»)iM0S«a»»5 kHz. /-OI/*Mtt2 0 
OnsectWc ^©fe^. «S3 5 8nm©U- 
■»r-*6»aM«M ^ tifc. U -If -«S*4*©*BlSltt*» «fc 

aeast t 3»k £ ©#auBi»«*» & «w» ^ fc „ » 

jgU--tf-3t©t'-^>' < '7— tt5W/cm' -C*ofc„ 
£fc 2 0 0 0 oaiagOA:a<cfce-5'/<r7-«4 0 
%^bO&*^c. c©s&<t©e«tt. u-«f-« 
ft ^ U -;^t^->7>4ffl^fc)i^iMSlT 

l/2KTrC&ofc„ 

[0273] mmw 3 6 

^X-7CVDS«aF©KSfiKKBr»«*il*. 3 



«fiffi*- 1 0 O'CtCiS^bfc., C©Kf&fcM*lK2%© 
20 i/7>#X^*tS*f^4iSl^^E0. 3 
torr», RF/W-fSO. 2W/cm J t? 

6. 2 1 60cm-*ififiStCS i -S iJS^CceH-TiiR 

W.*wm s ft. c y s^>-e* s e £ *W 

[0 27 4] ±IB£l5!^CKB r««UbtCtf';->5>l« 

£TJl^>#**3 0#5HijfcU 
30 fc, I R^f hJl/*«H3£lyfc£C5, 1100cm- 1 

is^ccs i - o-s ite^tceH-riiRiRwaiBisn 

fc. c<0Ct*6. KBriSlKWSflU^'Ji' 
7 >«£tm*9&fiR3 nr i»4 c iWBt»fc. c© 

^ (J 1 S-C2 1 5 1*85) «3x l 0 s Q • cmtl 
Tr*ofc. 3 0 0- 8 0 0 nm©^'f ^$B5«eiT 

•c*o/c xisnasfcctnti. s i«B»tceHf*t 

-^BWISnWofc. NMR, IR. TGtffttJS 

[0 27 5 ] 5^**©±K. JJE£ISI«tt*ffi 

T'. ^XvCVDCCfcSJfSO. 1 iimOiH'Jl/?^ 
SROJfcfiS. *J<fctHJn 
«HCj:i!R«*««)aiO-CtTlr». «**W«:W32/zm© 
* 'J >«£1^©SR*JB»S 1^. C©# > 
a^tmtco^tl*. ©iR*^* MU-C»3 6 0 nmCt 
f - **J«SJ3 ft. RJt^^f H 3 7 0 n mtc 
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[0 2 7 6] C ©# 'J 

fciC?,, 3 5 5 nm©Q*-f » fYAGU-1f-0» 
^'^'SeiW/cm' . tt»3iE0 1 k 
Hz e-^'V-S. 3kHz. ¥f^S3 0 0n s 

e c ) * 5 mrsmsi u 3«<sto fc/c w 

[0 27 7] S«J3 7 

i 1 4 K^tJ; ^ i F 7 f i^Wt ?> 

[0278] *r. psas/ya^WRio i©»*»i 

10 24^A-7f'J>^J:0ffiS1-?>. CCA 111 
0 2±KBMfcJRl 0 c©BMbR10 3± 

DC. «6«3 6&H!tttC#ffi. Tftb%^5X-?CVD 
it «fc 4 >; i/7>iI©iE K «t i>7m 

asm. *j*w c fln«Kc«fc4sai*%mv 20 

§ 5 0 0 n m©!«aM»0fc# 'J ^ >«^)S 1 0 4 * 

[0 27 9 ] -*©«ffi**7^j*3ns««*aiR 
Mi o 3**«-r?»o i-u>*rtcc#ys<y=»**M* 

Si«3 h5'«^SWKx v f > ^ It h U> 

*vmx>. *©fi*«:SKUi 1 o 3 zmmrz. b v 30 
> ^i*kc *••;->■; > o r x - jh, t #*& 
n-fbf So c©# y i"J a >k * ^ * >aA L - 

Tx-*ot3fc«c$MSJatt*iI«>-Cp' 3SSJWB10 
[028 0] Se.CC. nSf**Wl 0 7. n* 

alios. P * ssffiffti io9. hfettis i i 
o. y- usi ii.il 2&ji&w&£0"c. sit-* 

[0 2 8 1 ] 20CDMOS |.?>5?****>«CO"t. 4( 

-en-enn* ssuii o 5tc+ i 2 v. P * Mffitsn 

1 0 6tC- 1 2 V©HH£EPttlU/£ 0 COS*. IB3fe* 

[0282] nnw 3 8 

r;b3>#Hm*-e^y (7x^;ia^jI/->'J u» 

(ItW^iMw=10 0^) UOM^fl/> 
jg?K2 0m 1 Kh'J7WO^^^Jl/iJ?>»0. 5m 
IStlWtfbfc. C<Di«Ki$^ 
rt> 5 m 1 £ h y x 9^1/7 5 > 1 . 5ml 
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hu^A-c^wc *©&. mmzm&L. nmtm 

U-C, KifiOifc^SC (E2) •caSti*»0iSO*fi[* 
(7i'JH: ih^i=2 : 8) 
*SatftttWWRil/"C»fc (JR«0. 5g.fiS¥^ 
7>?eMw = 4 0 0 0) „ 
[0 28 3] ^g^7>iU-CjJ<y (^xXJl^^JUv' 
!jU» (ll^ ; F*Mw= 2 0 0 0 0) *ffll<>. 
x £ s -to <DRii •jKyf^-Jt'SWfcKWt. ±ia 
£PI«&£^cJ:D. IS&Wft^ (E7) ts?n 

2:8) t u-c»fc mm 

0 . 4 g . ti¥WlMw= 2 7 0 0). 
[0 2 8 4] ^^-C. T&iVZ&'C^tlZ&V&Lm 
ffi*#r*T-y>»JB (AR) 0. 3g©N-^;U 
fa (NMP) iSiKl Omit. ±SET?£fiSl/ 

fc#'J->7> (E2) 1 g©NMP?gi&l 0m 1 ££ig 

12 0'CTl iflJn»ltSfiW&I4: 

[0 28 5] 
[<fc4 3] 

/ NH 2 \ 

5 . 3 2 0 n mttJfiK U ~> 5 ^SMUCiSH-*- S (RHX** 
IBS'JSftfc. C©M©#{WK*^* h;b^IiJ^U/ci 
C5. 900-1 lOOcm-'ftaKlf-^^ffS^ 

©m© ! 'sii(*NM RSdje^ 6Ssr - -i **§^r©?F 
&#Fgis3ft/c. cn6©»s**»e>. »5>ttfcjR»tf y 

i^>©S i h'J7« 

ST x y >^}B§ t O fc^ y *s 7 >«^*r-c* 

[0 286] COWDSMteifi*? I o ( J I S 

-K5 4 0 0tt$a) (ci;f3f¥ffiU/c<tc6?il!SBT-*o 

Sfgtn* ( J 1 S - C 2 1 5 1 mm «3 x 1 0 6 Q 
cmKK4i?c. 3 0 0~8 0 0 nm©^^$tt5 
%HK*^c X«@»f(c<J:n«. SitMSSKeH 
-T S f - d7 1 JSSfiJ StlWofc. NMR, 1 R. TGT- 

v-«i±k:*j w *jb«j*ib 3 mmu-tv&z c t am h 
[0 2 8 7] 3 e^c. c(Dm<Dm*m*im-$-h?c&> 

(C. fffliTKim^Si ltSS3 2 0 n m©aU^«* 
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^iMw=iooooo#y (7*iiu^*i/^s/y 

tC. jtfyS/9> (E2) Of^tOK, ^'J^>7> (E 

[028 8 ] mmm 3 9 

r-U>«H« (AR) ©NMP*«*J«fc^#y^> 10 
(E2) ©NMPiiKJlOiT, g&KTJl'S-f A-f 

B. Wdffl3 8iH«K:U-CjJ<'JS/9>«^Mi*fM« 
Ofc. 

[0 2 8 9 ] mhtitcm<Dpxmft<&®.^? v >^m 

jEbfctCZ. 320n mttd&Ktf 'J 5/5 >£iRKi§B 

r -5 ?&iR* 5 SHf jj 5 nfc„ c ©«t©a#HR«K x** f f ^* 

«iJ3ELfciC5. 9 0 0~~ 1 1 0 0 cm"W2K«- 

3 n/c. C ©li©' 9 S i H&N M RfflEfr h&fi-TJ 20 
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